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INTRODUCTION. 


The scheme of analysis of dyes described in this bulletin em brace 
about 130 chemical individuals. This number comprises practically 
all those coal-tar colors (except a few entirely obsolete nitro dyes) 
which have been mentioned in the literature as having been found 
in food products, and those mentioned as being suitable for the 
coloring of foods. A number of dyes which are typical represen- 
tatives of certain classes and which exemplify in-a general way the 
analytical properties of certain groups, also have been included. No 
process for the analysis of dyes can be made so complete as to take 
into account all possible colors and combinations of colors; never- 
theless the analyst should be prepared for as many as possible of 
the cases arising. It is especially difficult to take the newer colors 
into consideration, but, fortunately, at the present time these are 
very little used in food products. 

The scheme of separation described is designed to meet actual con- 
ditions, one of which is the relatively more frequent occurrence of 
the eight colors the use of which in food is permitted by the United 
States Department of Agriculture-—Amaranth, Ponceau 3 R, Ery- 


1 Food inspection decisions Nos. 76 and 164. 


Note.—This bulletin will be of interest chiefly to chemists engaged in food analysis. 
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throsin, Orange I, Napththol yellow S, Tartrazin, Light green S. F. 
yellowish, and Indigo disulfoacid—and among nonpermitted dyes of 
the oxy-monazo colors. An entirely different scheme might be pref- 
erable if, for instance, the difficultly soluble benzidin dyes were the 
most common colors. 

The method for the separation of colors described in this bulletin 
is based mainly upon the employment of immiscible solvents. By 
this means most mixtures of the commonly occurring coal-tar dyes 
may be separated with relative ease. In dealing with the natural 
coloring substances the analyst is hampered by the lack of any 
exact knowledge concerning many of them, by the difficulty of 
obtaining pure preparations free from accompanying colored sub- 
stances, by the lack of good methods for their quantitative esti- 
mation, and by the fact that little is known regarding the stability 
of many of them with the common reagents. Although the most 
important natural colors have been included in the tables, little 
attempt has been made to indicate means of separation other than 
by the methods more suitable for synthetic dyes. 

Of the colors used in developing the methods described in this 
paper about 40 of the commonest were synthesized and purified in 
the laboratory. The physical and chemical properties of the others 
indicated their identity and proved that the samples were of suffi- 
cient purity for practical purposes.! 


GENERAL STATEMENTS CONCERNING REAGENTS USED IN COLOR 
ANALYSIS. 


The examination of food-colormg matters requires the frequent 
employment of some reagents that are not so often used in other 
kinds of chemical work. In addition to the ordinary acids and 
alkalies it is convenient for many purposes to have solutions of 
hydrochloric acid and of sodium hydroxid of accurately known 
strengths. Five-normal and tenth-normal hydrochloric acid and 
tenth-normal sodium hydroxid may be kept in stock bottles pro- 
vided with attached burettes and guard tubes. Of the dilute solu- 
tions, eighth-normal is the most convenient concentration for use 
in separations, but tenth-normal solutions serve the purpose well 
and are to be preferred because of their greater suitability for titra- 
tions. A standard solution of five-normal sodium hydroxid is also 
needed and a portion may be kept in a 500-cc bottle, through the 
rubber stopper of which passes a graduated 10-cc pipette which is 
capped or closed above when not in use. 


1 The coal-tar dyes have been designated in this bulletin by the numbers given in the tables in A 
Systematic Survey of the Organic Coloring Matters; by A. G. Green. Founded on the German of Drs. G. 
Schultz and P. Julius, second edition, London and New York, 1904. On page 56 have been given the 
corresponding numbers used by G. Schultz, Farbstofftabellen, Berlin, 1911-1914, and by Mulliken, 4 
Method for the Identification of Pure Organic Compounds, vol. 3, New York, 1910. 
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The solutions named below are usually dropped from a pipette 
into the solutions under examination. For convenience they should 
be kept in bottles provided with glass caps ground on an enlargement 
of the neck. With this form of bottle a short graduated pipette 
(or piece of tubing) can be kept in the bottle under the cap. The 
solutions are: 

Bromin water, 1 or 2 per cent. One per cent solution is about 
fourth-normal as oxidizing agent. 

Hydrazin sulphate solution, 3.2 per cent (approximately normal as 
a reducing agent when oxidized to water and free nitrogen). 

Sodium nitrite, 7 grams per 100 cc (approximately molecular normal). 

Alpha-naphthol solution, from 10 to 20 per cent in alcohol. This 
solution is used in very small quantities and should be kept in a 
bottle of the same form as used for the other reagents but of smaller 
size. The solution becomes dark colored and unfit for use after stand- 
ing some weeks. 

Sodium hydrosulphite solution (Na,S,O,, “Blankite’’). This solu- 
tion is unstable and is best prepared as needed. ‘The writer prefers 
to use the powdered solid kept m a small bottle, in the cork of which 
is fixed a strip of sheet metal to serve as a spatula. With this 
arrangement the salt, which is very soluble, may be dropped, a few 
particles at a time, into the solution to be tested. 

Potassium persulphate (K,S,O;). The same observations apply here 
as under ‘Sodium hydrosulphite solution.” 

The following reagents should preferably be kept in some form of 
small dropping bottle: Concentrated hydrochloric acid, concentrated 
sulphuric acid, dilute hydrochloric acid (10 per cent), sodium hydroxid 
(10 per cent), ammonium hydroxid (density about 0.95), ferric 
chlorid (10 per cent), and stannous chlorid (40 grams in 100 cc 
concentrated hydrochloric acid). 

Other reagents needed are: Solutions of alum, barium chlorid (or, bet- 
ter, barrum acetate), uranium acetate or uranium sodium acetate, and 
sodium acetate. It is convenient to have the last-named solution 
approximately normal, 16 grams per 100 cc. A strong solution of 
lead acetate (normal, not the basic salt, 30 per cent) is used in con- 
siderable amount; and a rather carefully made 10 per cent sodium 
carbonate solution (double normal) is useful for separations of 
Orange I and for coupling reactions. Common salt solution made 
from C. P. sodium chlorid is useful for many separations. Two 
hundred and fifty grams per liter is a convenient concentration. 

The following solvents are most frequently used: 

Alcohol. 

Amyl alcohol. This should be a good grade of “pyridin-free.”’ 

Gasoline or petroleum ether, “low boiling point,” of density about 
0.65. Commercial pentane, though expensive, may be preferred 


4 BULLETIN 448, U. S. DEPARTMENT OF AGRICULTURE. 


occasionally as a more homogeneous product of similar properties. 
The most objectionable of the impurities of gasoline may be removed 
by washing it a few times with concentrated sulphuric acid. 

Ether. The alcohol in the commercial product may be removed 
by washing. 

Dichlorhydrin. Most commercial C. P. products contain free acid. 
This is seldom harmful, but a freshly washed preparation may be 
preferred occasionally. 

Ethyl acetate. Apparently this is usually impure and before use 
should be washed with water to remove alcohol, ete. 

Amyl acetate. Amyl acetate is suited:to the same uses as ethyl 
acetate. It is, however, a less active solvent for many dyes, partly, 
no doubt, because it dissolves less water. Commercial C. P. prep- 
arations show great variability, apparently from the presence of 
large amounts of impurities and not merely from difference in the 
proportion of isomers present. The impurities, especially amy] 
alcohol, are much more difficult to remove than those likely to be 
found in commercial ethyl acetate, so that the latter solvent has been 
used for the work described in this bulletin, notwithstanding its 
solubility and ease of saponification. 

Amlin. Unless recently distilled, anilin is usually strongly 
colored; but the colormg matters present differ widely in solubility 
from the sulphonated dyes for whose separation it is most frequently 
employed. The colored impurities do not interfere further than by 
inconveniently masking the course of the fractionation. 

Phenol. This must be colorless and should be free from mineral 
acid. 

Carbon tetrachlorid. 

Methyl alcohol. 


PRELIMINARY TREATMENT OF FOOD PRODUCTS. 


It is usually necessary to begin examination of the color or colored 
material by treatment with some solvent that will bring the coloring 
matter into solution. 

Commercial food colors if soluble are dissolved directly in water, 
care being taken that the solution, to be examined according to the 
scheme described on pages 9 to 20, inclusive, be not made too concen- 
trated. Solutions of suitable concentration contain from 0.05 to 0.01 
per cent actual coloring matter. If the coloring matter is a powder, 
blowing some of the substance from the tip of a spatula over asheet of 
moistened filter paper,! or over the surface of concentrated sulphuric 
acid contained in a flat porcelain dish, ordinarily will show if it is a 
mixture made from dry colors. 


10, N. Witt, Z. Anal. Chem. 26 (1887), 100. 
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Candies, sirups, and other sugar products may be taken up directly 
with hot water. 

Wines, liquors, and other alcoholic beverages may be first diluted 
and warmed on the water bath to remove alcohol. However, for the 
subsequent treatment with immiscible solvents it is not usually 
necessary that the alcohol be driven off as it is sufficient to dilute 
the sample to reduce the alcohol content to 10 per cent or less. This 
very often is preferable to heating the sample; but it must be borne 
in mind that the distribution of the colormg matters will be more or 
less modified by the alcohol. 

Solid materials, such as fruits, flesh foods, etc., may be extracted 
first with 80 per cent alcohol, containing a very little acetic acid, to 
remove basic dyes, cochineal, etc., sensitive to alkahes. The pulp 
separated from the acid aicohol solution may then be digested with 
dilute alcohol of from 65 to 80 per cent strength, containing from 
3 to 5 per cent of ammonia. If both extracts are colored it 1s easiest 
not to work them up separately, but to boil off ths alcohol and am- 
monia from the second portion, and the alcohol from the first, and 
then combine them. ‘This procedure is quite general in its applica- 
bility. However, with products colored with metallic lakes, such as 
those of the flavone and flavonol dyestuffs, the treatment with strong 
hydrochioric acid and amyl alcohol, suggested below, is perhaps more 
satisiactory. Lake pigments in many cases also can be washed off the 
surface of the food material, since they are most often used as facings. 
The washings are allowed to settle or are whirled in a centrifuge, and a 
portion of the sediment containing the lake is treated for identifica- 
ion of the color. Most lakes are decomposed, at least to a large 
extent, by hydrochloric acid and amy! alcohol. 

From many sold products such as jams and meat pulp the com- 
mon coloring matters, meluding the permitted dyes, can be extracted 
directly by adding concentrated hydrochloric acid and shaking 
thoroughly with amyl alcohol. The subsequent work is shortened 
and, with strongly colored materials especially, the plan is often 
quite satisfactory. 

Wheat and rye products offer some difficulty in the extraction with 
dilute alcohol because of the solubility of the plant proteins, gliadin 
and hordein. In the case of macaroni, spaghetti, etc., boil the 
ammoniacal alcoholic extract containing the colormg matter until 
most but not quite all of the alcohol is removed. If the hot residue 
is of a semisolid consistency, it is best to add a little alcohol. It is 
then treated with about one-half of its volume of concentrated hydro- 
chloric acid and is poured into a large separatory funnel. Amy] alco- 


hol equal to about two-thirds of the original volume of the solution is 


added and sufficient salt solution to make the mixture separate well. 
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The amyl alcohol containing the color is washed a few times with a 
salt solution containing hydrocholoric acid to remove the protein; one 
separation with the centrifuge usually being desirable to free the 
solvent from the coagulum. The further treatment of the amyl 
alcohol solution is the same as that described under the heading 
Separation and Purification of Coloring Substances, page 8. 

Dissolved coloring matters are generally sanansiel from fats and 
oils by saponifying the fat or oil with alcoholic potash and extract- 
ing the colormg matter from the soap with gasoline or ether.1. The 
manipulation of this process is not very convenient and, of course, 
all unsaponifiable matter remains with the color. it may be com- 
bined with advantage in many cases with one of the extraction 
methods with an immiscible solvent described below. A number 
of extraction methods are in use and probably each possesses 
advantages for certain colors.?. Some dyes, as Anilin Yellow, may 
be extracted from oils conveniently with 90 per cent alcohoi.? The 
method of Cornelison‘ (extracting the coloring matter with glacial 
acetic acid or with the same solvent containing a little added hydro- 
chloric acid or water) will serve for the extraction of almost all the 
common oil-soluble dyes. Much oil dissolves in the acetic acid and. 
a systematic fractionation is necessary; the different portions of 
extract being washed successively in several funnels containing a 
little gasoline. 

The writer prefers the following procedure, which, though some- 
what inconvenient, is quite generally applicable. It does not give a 
color entirely free from cholesterol and similar compounds. About 
30 ce of the oil are diluted with about 120 cc of low-boiling gasoline, 
and this mixture is shaken out with several portions of a mixture of 
90 parts of phenol with 10 of water. The volume of the first portion 
of solvent may be about 45 cc, the others 30 ce each. The phenol 
extract is washed in a separatory funnel with 2 or 3 portions of gaso- 
line, then treated with sufficient cool, strong potassium or sodium 
hydroxid solution to dissolve the phenol. The dye is removed by 
shaking out the liquid with from 50 to 100 cc of ether. The ether is 
first washed a few times with caustic alkali solution to remove all 
phenol and finally with water. It may then be evaporated or treated 
further as indicated on pages 7 and 32-33. 

The Sudan dyes are readily extracted by a mixture of 80 parts 
phosphoric acid (85 per cent, density about 1.70) and 20 parts con- 
centrated sulphuric acid. The oil contaming the dyes should be 

1See Gruenhut, Chem. Zentr. 69 (1898) II, 943. 
2See Berry, U.S. Dept. Agr., Bur. Chem. Cire. No. 25; Doolittle, U.S. Dept. Agr., Bur. Chem. Bul. 
oe oe ae and identification of Auramin (No. 425) when present in oils, see Frehse, Ann. fals 


3 (1910), 293. 
4J. Am. Chem. Soc. 30 (1908), 1478. 
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diluted with a few volumes of gasoline. Shaking out one or two 
times will usually be sufficient, but the method is not applicable to 
colors such as tolueneazo-6-naphthylamin, which are sensitive to 
strong acids. The alkali salts of Sudan G and of the coloring matter 
of annatto are readily soluble in water; hence these dyes are most 
easily removed by shaking out with dilute sodium or potassium 
hydroxid solution. 

The extraction and separation of the dissolved coloring matters 
may be carried out together as follows: The oil or melted fat is diluted 
with gasoline and shaken out first with 2 per cent (half-normal) 
sodium hydroxid solution to remove annatto, Sudan G, and colors 
of similar solubility. The mixture is then washed several times, if 
necessary, with hydrochloric acid of from four to six normal strength, 
which will take out the aminoazo derivatives, such as Butter Yellow 
and aminoazotoluene. Benzeneazo-6-naphthylamin and tolueneazo- 
8-naphthylamin are extracted rather slowly by this treatment, the 
dyes apparently suffering rearrangement from the hydrazo-imin 
form into the true azo form before going into solution in the acid. 
Since the toluene derivative especially is rather rapidly decomposed 
by hydrochloric acid, the extracts should not be allowed to stand, 
but should be neutralized immediately. The Sudans and similar 
colors not extracted from the mixture by alkali or acid should be 
separated by one of the general procedures described on page 6, 
most conveniently with the phosphoric acid mixture. If the phos- 
phoric acid solution, after washing once or twice with gasoline, be 
diluted and partially neutralized, the colormg matter in quite pure 
condition can be obtained by extraction with ether or gasoline. 

Glycerol,! sodium salicylate ? solution, and a mixture of these two 
have been recommended for the extraction of colors from some food 
products. 

Microscopic examination of colored products usually gives useful 
information. This is especially true in certain cases for chemical 
tests under the microscope.’ 

Certain coloring matters can not be brought imto solution by the 
methods outlined. Such substances are the organic pigments Indan- 
threne (No. 569) and unsulphonated indigo (No. 690), which are 
insoluble in all ordmary solvents and must be identified by their 
general properties. Lampblack and similar forms of carbon are 
characterized by insolubility in acids, alkalies, or hot dichlorhydrin, 
and by their complete combustibility. Ultramarine is stable toward 
alkalies but is very readily decolorized with acids with evolution of 
hydrogen sulphid, which may be detected with lead acetate paper. 

1 Klinger and Bujard, Z. Angew. Chem. (1891), 515. 


2K. Spaeth, Z. Nahr. Genussm. 18 (1909), 587. 
3 Winton, A. L., The Microscopy of Vegetable Foods. New York, 1916. 
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Most other pigments not lakes are compounds with heavy metals 
and a suitable examimation according to the ordinary methods of 
inorganic analysis will indicate the nature of the pigment. 


SEPARATION AND PURIFICATION OF COLORING SUBSTANCES. 


PRELIMINARY TREATMENT. 


By suitable preliminary treatment the colormg matter should be 
obtained in aqueous or dilute alcoholic solution nearly free from 
acids, alkalies, or large quantities of salt. (Concernmg the oil- 
soluble dyes see pages 6 and 7.) The alcohol content of the solution 
should not exceed 10 per cent. Usually it is better to remove 
excessive alcohoi (by evaporation) than to add water; but if the 
liquid contams so much sugar as to be sirupy it should be diluted. 
If the evaporation causes a separation of colorimg substance, the 
sediment should not be removed beiore the treatment with immisci- 
ble sclvents. When the color has been extracted directly from solid 
products by acid amyl alcohol, this may be shaken out with salt 
solution, dilute hydrochloric acid, or water, as directed for the cor- 
responding solution obtamed in the first step of the procedure de- 
scribed on pages 11, 17, and 18 

Since the colormeg witeanines of flowers and fruits are, generally 
speaking, rather unstable, especially in the presence of alle it is 
well to a vide the pelted contamme the cclors into two portions, 
one pore to be examimed for the natural colors, the other for 
coal-tar dyes. 


TREATMENT OF SOLUTION RESERYED FGR TESTING FOR COAL-TAR DYES. 


Tf coal-tar dyes are not known to be present, a prelimmary test 
may be made by warming a small piece of wool, such as nun’s-veiling, 
or some white woolen yarn with some of the solution; first neutral, 
then, if no dyeing takes place, made acid with a few drops of hydro- 
chloric acid? Hf the wool is dyed in either case, the mam portion 
of the solution reserved for dyes is treated as indicated on page 9. 

Acid Yellow (sulphonated aminoazobenzene, No. 8) is sometimes 
more easily separated from mixtures by dyemg on wool than by the use 
of solvents; hence if the test wool is dyed yellow it may be stripped 
with dilute ammonia and this solution tested for Acid Yellow by 
diazotization, etc., as described on page 51. : 

In the presence of very large amounts of natural colormg matter, 
it may be advisable occasionally to make the dyeing test with a 
compar: atively large portion of the solution, stripping and redyemg 


1 For eement in tea compare Read, U.S. Treasury Decision No. 32322; Knight, J. Ind. Eng. Chem. 
6 (1914), 999. 

2 See Strohmer, Z. Anal. Chem. 24 (1885), 625. Arata, Z. Anal. Chem. 28 (1889), 639. Winton, ean 
Agr. Exp. Sta. Rpt. 2 (i889), 131. Sostegniand Carpentieri, Z. Anal. Chem. 35 (1896), 397. Tolman, Jour. 
Amer. Chem. Soc. 27 (1905). 25. 
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once or twice if necessary and making a further examination of the 
color substance obtained from the dyed wool. This procedure is 
especially advantageous when dealing with cacao products, since 
such products give extracts containing much natural color similar in 
tint to the dyes likely to be present, and special care is necessary to 
avoid overlooking the dyes. 

It is desirable to obtain as much information as possible from the 
dyeing test, since the separation with immiscible solvents can not 
well be followed with the eye when dealing with dyes of the same 
shade or with the natural colormg matters, which usually consist of 
mixtures of substances of similar tint but different solubility. 

Attention must be called to the fact that a few rather common 
dyes are so unstable as to be very easily overlooked when making 
the dyeing test; for instance, Auramin (No. 425), which is largely 
used at the present time in European countries for food coloring, is 
readily decomposed both by acids and alkalies. Naphthol green B 
also is easily decomposed by acids and not readily dyed on wool 
from many mixtures. Further, many dyes do not go on wool readily 
in the presence of certain impurities. In such cases, although 
getting no positive results by the dyeing test, the analyst should © 
proceed with the separation by immiscible solvents. 


GENERAL STATEMENTS REGARDING THE SEPARATION OF DYE MIXTURES. 


The analyst usually knows something in regard to the coloring 
matters present in a dye solution before beginning the systematic 
analysis. The best procedure to be followed will depend on what 
dyes are probably present; and no set method can equal in value a 
table of relative solubilities by means of which the distribution con- 
stants of any given dyes may be compared. It is, of course, advan- 
tageous in many cases to make group tests with small portions of 
the mixture, thus avoiding unnecessary and undesirable additions 
of reagents to the main solution. 

In carrying out the fractionations described on pages 11 to 18 any 
given color will, in general, appear in several washings, but where the 
meximum amount comes out will be evident from the solubility data; it 
being always remembered that these statements apply to solutions 
of concentration in the neighborhood of 0.01 per cent, and that at 
widely different dilutions some variation may be expected. The 
solubilities of the components of the dye mixture are not likely to be 
so different as to allow even a qualitative separation by a single 
shaking out. It is usually necessary to employ more or less system- 
atic fractionation methods. For example, suppose a mixture is to 
be separated, of which it is known that one dye, when its amy] alcohol 
solution is. shaken with an equal volume of acid of a certain concen- 
tration, distributes itself in equal amount between the two layers, 

61147°—Bull. 448—17-—_2 
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while 94.1 per cent of the other color, under the same conditions, 
remains in the aqueous layer. If such a mixture in water solution is 
brought to the given acidity and is shaken out successively with three 
portions of amy! alcohol, each equal to one-fourth its volume, calcu- 
lation shows that if the distribution ratios remain constant there will 
be present in the acid sojution after the third shaking twenty-seven 
sixty-fourths or 42 per cent of the first dye, one sixty-fourth or 1.6 
per cent of the second. Conversely the first amyl aleohol portion 
after two washings with portions of acid of concentration similar to 
that of the original solution, will contain 42 per cent and 1.6 per cent 
of the second and first dyes, respectively. Obviously, for a practi- 
cable quantitative separation, somewhat greater differences in solu- 
bility must exist; but it is usually sufficient to separate, in fairly pure 
condition, a portion of each of the colors that seem to be present, in 
order to characterize completely the components of the mixture.! 

Emulsions occasionally cause trouble when the analyst is working 
with impure mixtures. These are most effectively broken by a good 
centrifuge. Should a solid stratum form between the two layers, it 
should be broken with a glass rod, the tube replaced in the cen- 
trifuge and whirled again. Heating tends to promote rapid separation, 
but the relative solubilities vary somewhat in hot mixtures. Strong 
acid solutions show much less tendency to emulsify than neutral or 
alkaline ones. 

The final separation of mixtures of dyes of rather similar solu- 
bility will usually be made by selecting some pair of solvents in which 
they show a decided difference. Mixtures of dyes of practically 
identical solubility can, in most cases, be separated satisfactorily by 
chemical means or by precipitation reactions. Since the fractiona- 
tion will have removed all except a few dyes belonging to a known 
group, suitable chemical methods may usually be chosen without 
difficulty. 

While the scheme described is not intended to be apphed to rela- 
tively concentrated solutions, in practice in the examination of col- 
ored food products, such are seldom or never obtained. The chief 
concern of the anaiyst here will be to avoid, as far as possible, the 
dilution of the color by the use of unnecessarily large portions of 
organic solvents and washing liquids. Only in working with prod- 
ucts sold for use as coloring matters are solutions likely to be made 
too concentrated to be adapted to the scheme of separation. 

As the common food dyes are, for the most part, salts of polybasic 
acids, the equilibrium conditions are obviously quite complex and 
concern not only the relative solubilities and dissociation constants of 
the free color acid, but of the various acid salts and the sodium salt as 


1 For procedure and calculation as to quantitative fractionations, no coloring matter being rejected, 
see J. Ind. Eng. Chem. 5 (1913), 26. 
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well. Many dyes exist in more or less associated condition in ordinary 
solutions. However, it is found in practice that in most cases the 
distribution ratios with given acidity do not vary greatly, but that 
fair results can be obtained on the assumption that they will remain 
constant.’ | 

Both basic and acid triphenylmethane colors tend to undergo slow 
intermolecular changes when treated with acids and alkalies (adjust- 
ment of equilibrium between carbinol, imid, and ammonium forms) 
and their complete separation by means of solvents is less simple than 
that of most other classes. 

It will be noticed from the solubility table, pages 22-33, that amyl 
alcohol, amyl alcohol gasoline mixtures, and ether, although differing 
greatly in their power as solvents, show a sort of general correspon- 
dence in properties. ‘They are especially suited for fractionations of 
such dyes as the sulphonated phenolic compounds, the distribution 
ratics of these changing greatly with varying hydrogen ion con- 
centrations. Dichlorhydrin, because of its solubility and non- 
volatility, is not very convenient as a solvent; nevertheless, it is 
almost indispensable for the separation of many colors. Anilin is 
an excellent solvent, but usually must be completely removed from 
a color solution before tests are made, and will be employed only 
for a few separations. Both anilin and dichlorhydrin are con- 
veniently removed from water solutions by shaking out with 
carbon tetrachlorid. 

lt may be remarked that in working with the coal-tar dyes the plan 
of acidifying strongly, extracting, and then washing the solvent with 
a more dilute acid, is in nearly all cases preferable to the practice of 
eradually increasing the acidity and using a number of portions of 
solvent. Much more solvent is required in this latter way, with a 
corresponding increase in the proportion of the accompanying 
mapurities and in the difficulties caused by emulsification. 

The writer usually prefers to begm the treatment with immiscible 
solvents by shaking out with amyl alcohol from the neutral solution 
after addition of some sodium chlorid. The outline which follows 
will indicate approximately the order in which the solvents will be 
chosen for a complex mixture. 


PROCEDURE OF SEPARATION. 


The solution of the coloring matter, as free as possible from suspended matter, is 
treated carefully with sodium carbonate if it contains free mineral acid or with acetic 
acid ifitis alkaline. It should finally be neutral or very faintly acid. It should not 
contain the coloring matter in too great concentration, although when working with 
extracts of food products this latter condition is seldom encountered. Concentrations 
of about 0.01 per cent may be taken as most suitable in general, and only in excep- 
tional cases would stronger solutions (0.1 per cent, for instance) be chosen by pref- 


1See W. Reinders and C, Sely, Zeit. fiir Chem. und Ind, d. Koll. 13 (1918), 96. 
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erence. In regard to the presence of alcohol, see page 8. When large amounts of 
dissolved foreign material, such as sugar, glycerol, etc., are present, it must be remem- 
bered that the solubilities of the coloring matters will be somewhat affected. 

Since almost all coloring matters are found accompanied by small amounts of simi- 
larly colored substances of different solubilities (subsidiary dyes, etc.), it should be 
made an invariable rule in carrying out the separation, first to follow through, to the 
point of identification, those coloring matters that seem to be present in largest pro- 
portion. The course to be pursued in dealing with the smaller fractions will then be 
more clearly indicated. 

Sec. 1.—The solution containing the coloring matter is treated with enough strong 
sodium chlorid solution to bring the salt concentration to about 5 or 6 per cent and is 
then shaken out with 20 cc or moreof amylalcohol. If a considerable amount of color- 
ing matter is taken up the extraction is repeated once or twice, the different portions 
of solvent being finally combined. The amyl alcohol, if colored, is washed once or 
twice with small portions of 5 per cent salt solution, and these washings, if they ap- 
pear to contain any dye, are added to the original extracted sciution. Any suspended 
solid matter that may separate may be considered also to belong to the aqueoussolution.! 

The amyl alcohol, if colorless or freed from color by the washing, is discarded. 
Basic dyes and most of the acid colors of low sulphur content are absent. If the amyl 
alcohol is colored it is treated as directed in section 10. 

Src. 2.—The extracted salt solution is treated with about one-half its volume of con- 
centrated hydrochloric acid and is again shaken out with amy! alcohol, exactly as 
described in section 1. Should coloring matter be extracted, the combined portions 
of the solvent are washed once with diluted acid (1:2, approximately four-normal), 
then reserved for treatment as stated under section 6. If the alcohol is colorless, and 
remains so after treatment with an excess of ammonia solution, it is discarded; and 
most of the strongly sulphonated azo colors are known to be absent. (When Naphthoi 
ereen B is present, compare section 18.) 

Sec. 3.—The extracted acid salt solution which may appear nearly colorless is 
treated with ammonia until slightly alkaline, then made slightly acid with acetic acid. 
If it is now colorless the absence of the strongly sulphonated triphenylmethane green 
and blue dyes is shown, and it is discarded. Ifit is colored, and if the shade indicates 
the possible presence of green or blue colors, it 1s shaken out with dichlorhydrin. 
This solvent is slightly soluble in water, but an amount should be used so that the 
lower layer after separation will not measure more than 20 cc. If coloring matter of 
bluish tint has been extracted, the mixture is again shaken out once or twice, and the 
combined portions of solvent washed with a little salt solution. The dichlorhydrin 
solution is then examined according to section 5. 

Sec. 4.—The original mixture alter the preceding extractions may still contain Acid 
Magenta, caramel, and many natural colors, especially the glucosids (anthocyans) 
constituting the common fruit colors. Acid Magenta may be recognized by its reac- 
tions with nitrous acid, dyeing properties, etc. It may be separated, if desired, by 
adding hydrochloric acid so that the acidity is above that of a fourth-normal hydro- 
chloric solution (allowance must be made for the ammonium acetate present) and then 
shaking out with anilin. The anilin solution is washed with fourth-normal hydro- 
chloric acid in salt solution of from 5 to 6 per cent strength; and the dye then removed 
with water, perhaps after addition cf some carbon tetrachlorid. Before testing this 
magenta solution the dissolved anilin must be carefully removed, by making alkaline 
and extracting several times with carbon tetrachlorid, benzene, or other convenient 
solvent. Commercial Acid Magenta is a somewhat variable mixture of sulphonates 
and may be expected to yield considerable fractions of lower sulphonated derivatives 
of greater relative solubility in organic solvents. 

1 The more systematic procedure described in J. Ind. Eng. Chem, 5 (1913), 26, may be used, if pre- 
ferred, for this and other similarly described ex tractions. 
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The acid yellows (No. 8 and No. 9) although chiefly extracted by amyl alcohol from 
‘the acid solution (sec. 2) always yield a large fraction in this group. When the colora- 
tion of the extracted acid salt mixture is entirely due to such products it will be orange 
red, becoming yellow on neutralization, and also will show the characteristic reactions 
of the acid yellows with nitrous acid, etc. ; 

Sec. 5. The dichlorhydrin solution is diluted with three or four times its volume 
of carbon tetrachlorid and the color removed with a few small portions of water. 
The combined washings should be shaken out once with carbon tetrachlorid to get 
rid of dissolved dichlorhydrin. The aqueous solution may contain the higher sul- 
phonated triphenylmethane colors or perhaps sulphonated indulin. These dyes, 
like Acid Magenta, are accompanied by large amounts of subsidiary products, and 
their solubilities can not be established with any definiteness. For their further 
differentiation compare their properties as shown in the tables. 

Sec. 6. The amyl alcohol extract of the strongly acid salt solution, if colored, is 
washed four or five times with fourth-normal hydrochloric acid, the washings being 
kept separately. No. 108 and No. 692 predominate in the first washings, while the 
acidity is still high, because of hydrochloric acid dissolved in the amyl alcohol. No. 
106, No. 107, and No. 94 come out in large proportion when the acidity of the lower 
layer, after the shaking, is below seven-tenths normal (usually about the third wash- 
ing). Obviously a stronger acid than fourth-normal may be used at first, but it is 
usually better in practice to wash with this concentration and refractionate if neces- 
sary. The dyes that may be present in the acid amyl alcohol extract show a gradual 
transition in their distribution ratios relative to amyl alcohol (and other like solvents) 
and hydrochloric acid of varying concentration. Consequently the acid normalities 
to be chosen in working with an unknown mixture must be selected somewhat accord- 
ing to probabilities. 

Comparison of the appearance of the different washings usually will show whether 
more than one color is present which is extracted by fourth-normal hydrochloric acid 
in considerable proportion. The amyl alcohol is reserved for the treatment described 
in section 7 or 8. No. 108 may be separated from Nos. 106, 107, and 94 by fractiona- 
tion between two-normal hydrochloric acid and amyl alcohol. Nos. 692 and 8 can be 
separated from Nos. 106, 107, and 94 similarly with eight-normal sulphuric acid and 
a mixture of equal volumes of amylalcohol and gasoline; although, since the acid is 
somewhat difficult to remove afterwards, the procedure is better adapted for sepa- 
rating the last-named dyes in pure condition than Nos. 692 and 8. For Nos. 106, 107, 
and 94, the amyl alcohol gasoline solution is washed with a little water to take out the 
dye. This solution is treated with one-halfits volume or more of concentrated hydro- 
chloric acid and is reextracted with amyl alcohol. This latter solution may now be 
washed with a few portions of hydrochloric acid of from four to six normal strength to 
remove sulphuric acid. The dye is finally removed with a little water and the color 
obtained in pure condition (for the cyanid reaction, for example) by evaporation to dry- 
ness on the steam bath. The dyesin the sulphuric acid solution are best separated by 
anilin (compare p. 23); but the final removal of this solvent is tedious. No. 94 must 
be separated from No. 106 and No. 107 by anilin and fourth-normal hydrochloric 
acid in 5 or 6 per cent salt solution. After the fractionation the dissolved anilin in 
the solutions must be carefully removed by several extractions with carbon tetra- 
chlorid or other convenient solvent from the faintly alkaline solution. 

Commercial No. 692 and No. 8 are made by direct sulphonation of coloring matters 
and are rather indefinite in composition. it will often be more convenient to divide 
the solutions of the colors of this group and to destroy different dyes in the various 
portions. By cautious treatment with ‘‘Blankite” (Na,S,O,) in acid solution, sub- 
sequently shaking with air to restore the blue, No, 692 may be separated from the azo 
colors. 
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By reduction in ammoniacal solution, avoiding excess of ‘‘Blankite,’? No. 106 and 
No. 107 may be destroyed, while No. 8 is merely converted into the hydzazo com- 
pound and may be restored by shaking with air. No. 692 is destroyed by warming 
in acid solution containing a little urea and a drop of sodium nitrite solution, while 
Nos. 166, 107, and 108 are scarcely attacked. The cyanid reaction is best suited for 
the examination of mixtures of No. 106 and No. 107. 

The dyes of this group, because of their ready solubility in water and fruit juices, 
are well adapted and largely employed for food coloring. Hence the application of 
the data given in the solubility table, ete., has been indicated rather more fully here 
than for the other classes. 

Sec. 7. The amyl alcohol extract after being washed with fourth-normal hydro- 
chloric acid may be similarly washed with sixteenth-normal hydrochloric acid; 
although unless No. 14 or No. 188 appear to be present this step usually will be 
omitted. 

Sec. 8. The amyl alcohol is now measured, diluted with an equal volume of iow- 
boiling-point gasoline, and washed first with fourth-normal hydrochloric acid two or 
three times, then similarly with sixteenth-normal hydrochloric acid, with sixty- 
fourth-normal hydrochioric acid, with sixty-fourth-normal acetic acid, and finally 
with sixty-fourth-normal sodium hydroxid. The dyes separated here inciude a 
large number oi individuals and the treatment most desirable for any given mixture 
can best be judged aiter reference to the tables, pages 24 to 29. Obviously, the 
normalities stated are chosen somewhat arbitrarily, any two dyes contiguous in the 
table usually differing little from each otherin solubility. When the appearance, etc., 
of the different fractions indicate the presence of more than one dye, the coloring mat- 
ters must be obtained in pure condition by reiractionation. Although the acid amyl al- 
cohol extract, aiter dilution with gasoline, appears to yield all its color to the acid wash- 
ings, it must nevertheless be shaken with the alkaline solution before being discarded, 
since a number of the weakly acid coloring matters (most of which, it is true, do not 
properly come in this group) are nearly colorless when dissolved in the neutral or acid 
organic solvent. 

Naphihol yellow 8, which predominates in the first strongly acid washings, is also 
nearly colorless in acid solutions, and a portion from these solutions must always be 
tested for this dye by making double normal with hydrochloric acid and shaking with 
washed ethyl acetate. i the separated solvent is found by treatment with alkali to 
have taken up a yellow dye, the remainder of the fractionscontainingit are treated in the 
same way with the acetate. Although the washings of low acidity may contain some 
coloring matters, the major portion of such dyes will be in the amyl alcohol extract 
of the neutral salt solution. It is best, therefore, to set aside the sixty-fourth-normal 
acetic acid and the sixty-fourth-normal sodium hydroxid washings until aiter the 
examination of the neutral salt amyl alcohol extract has been made; or these solutions 
may be mixed with the corresponding ones obtained by the processes outlined in 
sections 11 and 12 and may be worked up with them. Or, finally, the amyl alcohol 
gasoline mixture, after washing with sixty-fourth-normal hydrochloric acid, may be 
reserved and combined with the similar mixture described in section 10. 

Sec. 9. For the separation by chemical means of closely similar dyes of these 
groups some of the more useful general methods may be indicated here. 

The reaction with cyanid (page 52) may be used for the separation of R-salt deriva- 
tives (Nos. 55, 56, 65, 15) from mixtures with isomers. 

Methods based on reduction and subsequent oxidation are applicable for the destruc- 
tion of azo and nitro colors in presence of most other classes of colors, as indicated in 
the tables of Weingartner and of Rota. 

By cautious reduction in sodium carbonate or ammoniacal solution oxyazo dyes 
tend to be attacked more rapidly than aminoazo dyes. It must be rememberea, 
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however, that new dyes may also be formed by partial reduction in the case of polyazo 
or nitroazo derivatives. 

The halogenated fluorescein derivatives are much more resistant to bromin in 
acid solution than are most other colors. They tend, however, to add bromin unless 
fully substituted. Most of the azo dyes are much more readily destroyed by bromin 
in alkaline solution than is Naphthol yellow 8. Mixtures are made fourth-normal or 
above with sodium carbonate and are treated with dilute bromin water very cautiously 
until the azo dye is just destroyed or until the solution has become a clear yellow. 
Hydrazin sulphate is now added quickly to destroy excess of bromin; the mixture 
is finally acidified, and the yellow purified by extraction with an immiscible solvent. 
This procedure is seldom so satisfactory as the regular extraction with ethyl acetate 
or amyl acetate, and is not applicable in the presence of Nos. 62, 64, 65, and 188,which 
form intensely blue substances by this treatment. 

Sec. 10. The amyl alcohol extract obtained by shaking out the original mixture 
aiter adding 5 or 6 per cent salt will contain practically all of any basic dyes present. 
Most of the acid dyes of low sulphur content are also almost completely extracted. 
The extract is measured, diluted with an equal volume of gasoline, then washed a 
few times with sixty-fourth-normal hydrochloric acid. The washings, if colored, are 
treated as directed in section 11. The extract is next shaken out with sixty-fourth- 
normal acetic acid, these washings being treated according to section 12. Eosins and 
(in general) coloring matters that are unsulphonated phenolic compounds are now 
removed by a few portions of sixty-fourth-normal sodium hydroxid solution, this 
fraction being treated according to section 13. The amyi alcohol gasoline mixture is 
finally washed once with very dilute acetic acid and, if still containing any signifi- 
cant amount of coloring matter, is evaporated to dryness on the steam bath, the 
residue being examined according to section 14. 

Sec. 11. The washings of sixty-fourth-normal hydrochloric acid (sec. 10) are tested 
for basic dyes by making a small portion alkaline with sodium hydroxid, shaking 
with ether, then treating the ether solution, which is usually colorless, with dilute 
acetic acid.! If the latter becomes colored, indicating the presence of basic dyes, 
the alkaline test portion may be shaken out once or twice more to determine whether 
or not acid dyes are also present in this fraction. If these tests indicate the presence 
of both acid and basic colors, the acid colors must be removed by making the principal 
part of the sixty-fourth-normal hydrochloric acid extract alkaline (normal with 
sodium hydroxid) and extracting with ether. From the combined ether portions 
the basic dyes are removed by washing—first with sixty-fourth-normal acetic acid, 
finally with dilute hydrochloric acid. This treatment should be omitted if acid dyes 
are absent, since most basic colors are unstable in alkaline solutions, Auramin, espe- 
cially, suffering decomposition rapidly. The basic colors may be further fractionated 
from amyl alcohol with dilute hydrochloric acid, from ether with very dilute alkali, 
etc. The separation of basic colors from alkaline solutions by immiscible solvents is 
rather objectionable, since such colors (according to Kehrmann, Havas, and Grand- 
mougin *) suffer rearrangement from ortho-quinoid to para-quinoid structure. This 
change is attended in compounds such as Crystal Viclet, containing only fully alky- 
lated amino groups, by elimination of one of the alkyl groups. The original dye 
may not be obtained therefore, but, instead, the lower alkylated derivative. 

The alkaline solution, after removal of the basic dyes with ether, is made about 
normal with hydrochloric acid and is shaken out with amyl alcohol gasoline mixture. 
Any coloring matter extracted here probably will be a minor portion of a dye already 
obtained by the procedure described under section 8, and its further fractionation will be 
carried out as stated in that paragraph; or the solution containing it may be combined 


10.N. Witt, Z. Anal. Chem. 26 (1887), 100. Weingirtner, Z. Anal. Chem. 27 (1888), 232. 
2 Ber. Chem. Ges. 46 (1913), 2131; 47 (1914), 1881. 
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with the similar solution obtained by the procedure outlined in section 8 and both 
fractionated together. . 

The normal hydrochloric acid solution is again partly neutralized by addition of 
sodium hydroxid (to fourth-normal or less) and is shaken out with a mixture of 3 
volumes carbon tetrachlorid and 1 volume dichlorhydrin to extract the lower sul- 
phonated triphenylmethane dyes. These may be obtained in water solution again, 
by washing out with water after adding more carbon tetrachlorid. 

Sxc. 12. The acetic acid solution obtained by the procedure described in section 
10 will contain the chief part of any monosulphonated monazo dyes present. Such 
colors may be further fractionated, with amyl alcohol and normal sodium carbonate, 
with ether and dilute hydrochloric acid, etc. 

The coloring matters of this group may appear in small proportion in the fractiona- 
tion described in section 8, and obviously the similar solutions there described may be 
combined with the acetic acid solution obtained as described in section 10. 

Src. 13. The main part of the eosin dyes, and of unsulphonated water-soluble acid 
colors in general, will be found in the sixty-fourth-normal sodium hydroxid solution 
obtained by the extraction described in section 10. A large proportion of the natural 
coloring substances also appear here. 

The eosin dyes may be fractionated between normal sodium hydroxid and amy] 
alcohol or amy! alcohol gasoline mixture (3:1). 

The acid dyes also having basic tendencies, as Fluorescein (No. 510), Metanil 
Yellow (No. 95), etc., differ from the others in being extracted from strongly acid solu- 
tions in smaller amounts than from weakly acid solutions, and this property offers a 
suitable means for their separation (pages 27-28). These colors, as already pointed out, 
may be obtained, though in most cases in very small proportion, in the amyl alcohol 
gasoline solution obtained by the extraction described in section 8. 

Src. 14.—The residue mentioned in section 10 is moistened with a small drop of 
alcohol, and then some ether and sixty-fourth-normal hydrochloric acid are added. 
The mixture is poured into a separatory funnel and is shaken. The aqueous layer is 
drawn off, and if dyes coloring the aqueous solution were present, the ether is washed 
a few times further with the sixty-fourth-normal acid, to remove them. The acid 
solution contains the rhodamins, perhaps also some of the basic azo colors. 

The ether solution if colored is now washed a few times with four-normal hydro- 
chloric acid, the washings being neutralized at once and reserved for treatment accord- 
ing to section 15. 

The ether is finally washed a few times with water to remove acid; then it is taken to 
dryness on the steam bath and the residue treated according to section 16. 

Src. 15.—This group, consisting of oil-soluble colors, may be further separated by 
taking up the dye in gasoline or petroleum ether from the neutralized solution obtained 
as described in section 14, and fractionating from this solvent with methy] alcohol, 70 
per cent or above. (See pages 32-33.) Ortho-tolueneazo-8-naphthylamin suffers de- 
composition rather rapidly in strongly acid solutions. On the other hand, both it and 
the lower benzene homologue, when their ether solutions are shaken with acid, are 
extracted, but slowly, the amount of color removed from the ether depending on the 
time of contact of the two layers. The substance in the ether layer would thus seem 
to undergo rearrangement before forming the water-soluble salt, but one or both forms 
suffer complete decomposition by prolonged standing with the acid. 

Src. 16.—The residue containing Sudans, etc., may be treated with measured quan- 
tities of methyl alcohol, water, and sodium hydroxid in the proportions necessary to 
bring the mixture to fourth-normal alkalinity in 80 per cent alcohol; the solution then 
may be shaken out with gasoline. Quinolin Yellow and a-naphthol derivatives 
remain chiefly in the alkaline solvent. The petroleum ether is washed again, if neces- 
sary, with the same mixture, then treated as described in section 17. 
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Sec. 17.—The Sudans and similar dyes of this group may be further separated with 
gasoline and 90 per cent methyl alcohol. They may be separated from troublesome 
accompanying oily impurities, by shaking out the gasoline solution with 85 per cent 
phosphoric acid to which has been added from 10 to 20 per cent of concentrated sul- 
phuric acid, though some dye is likely to be destroyed in this treatment. 

Like the colors described in sections 15 and 16, these dyes are almost quantitatively 
removed from gasoline solution by 90 per cent phenol. ‘The phenol may, of course, 
be dissoived in alkali and the color again taken up with ether or gasoline, effecting a 
separation from some impurities. 

Sec. 18.—When Naphthol green B is present the salt solution should not be made 
strongly acid since small amounts of this dye decompose quickly in acid solution. 
When its presence is suspected, the neutral salt mixture may be first extracted with 
dichlorhydrin washed once with benzene to remove the dissolved solvent, made half 
normal with hydrochloric acid, and then shaken out with anilin. (It is best to add 
the solvent before the acid.) From the anilin solution the dyes may be fractionated 
by shaking out with 5 or 6 per cent salt solution which contains hydrochloric acid 
varying from fourth-normal to sixty-fourth-normal. 

No outline in the form of a key can be so useful as a table of solu- 
bilities. The solvents and the order in which they are to be used 
obviously may be varied when the analyst has information regarding 
the source and appearance of a sample. For example, in the case of 
the red color solution obtained from commercial cocktail cherries 
known to be ordinarily colored with Erythrosin, it would be better 
to make such solution acid and shake it out with ether first, the 
complete extraction of the dye indicating at once the absence of all 
excepting one group of colors. 

In the examination of dye solutions the analyst of some experience 
often will prefer (especially with colors extracted from acid, solu- 
tions by amyl alcohol) to wash the organic solvent extract with 
successive small portions of water instead of with hydrochloric acid 
or other aqueous solvent of definite concentration. In the case of 
an acid amyl alcohol extract much hydrochloric acid is taken up by 
the solvent along with the coloring matter. The acid is washed out 
rather slowly, and as a result of this gradually decreasing acidity of 
the washing coloring matters of different solubility will appear in 
maximum amount in different fractions, the order being apparent 
from the sotubility tables. With binary mixtures usually some of 
each color is thus obtained pure enough for identification. 

The writer prefers, after fractionating the colors into the main 
groups as just described, to try the bromin test (page 47). The be- 
havior with acids has already been seen in the course of the separation, 
and that with alkali can be quickly ascertained. Ordinarily these will 
mdicate the fraction to contain but one coloring matter. This is. 
then dyed out from a portion of the solution, and its shade and reac- 
tions on the fiber with reagents are compared with standards or with 
statements in the tables, in which, to facilitate comparison, the dyes 
have been arranged in the order of their solubility. Since the color 
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changes produced in dilute dye solutions, by addition of acids and 
alkalies, are closely parallel to those shown by the same reagents on 
the dyed wool, a single table indicating the reactions on the fiber is 
sufficient in practice. 

Even when the tests have indicated that the faeton still contains 
a mixture of dyes, they will have shown, in most cases, the absence 
of many colors of the group, and will have indicated positively 
which colors are probably present. 


ABRIDGED PROCEDURE FOR PERMITTED DYES ONLY. 


A convenient abridgment of the fractionation procedure, suit- — 
able when it seems probable that only permitted dyes are present, 
is the followimg:1 

The solution or well divided solid matter containing the color is 
treated with one-half its volume of concentrated hydrochloric acid 
and is then extracted a few times with amyl alcohol. (For precau- - 
tion concerning concentration in examining commercial food colors, 
see page 4.) The alcohol extracts are combined, then washed with 
four or five portions of fourth-normal hydrochloric acid, or until this 
solvent extracts very little color. These washings will contain any 
Indigo Carmine, Tartrazin, and Amaranth which were present im 
the alcohol solution. Indigo Carmine is removed from the amyl 
alcohol somewhat more readily than are the other two dyes. With 
ordinary concentrations little or no Ponceau will be removed. 

The amyl alcohol is then measured, if necessary, treated with an 
equal volume of petroleum ether or low-boiling-point gasoline, and 
again washed several times with fourth-normal hydrochloric acid to 
extract Ponceau 3 R and Naphthol yellow S. Or, without dilu- 
tion with gasoline, it may be washed with 5 per cent salt solution 
until these two dyes are taken out. After the Ponceau and Yellow 
have been removed the amyl alcohol, which contains an equal volume 
of gasoline, is washed a few times with water, thus extracting Orange 
I. After the removal of this dye the solution, although perhaps ap- 
pearing almost colorless, is shaken out with a very dilute caustic soda 
solution to remove Erythrosin. 

If considerabie Orange I is present, some of it may contaminate 
the washings containing the Ponceau 3 R and Naphthol yellow S, 
especially when these have been separated by means of fourth- 
normal hydrochloric acid after addition of gasoline. 

The fourth-normal hydrochloric acid washings of the amyl alcohol 
may contain Indigo Carmine, Amaranth, and Tartrazim, their appear- 
ance in most cases indicating which of these dyes may be present. - 
Instead of attempting to separate the dyes by fractionation the fourth- 
normal hydrochloric acid solution may be evaporated to dryness, 


1 See also Price, U. S. Dept. Agr., Bur. Anim. Ind. Circ. 180. 
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the residue dissolved in water, and the constituent colors identified 
in portions of this solution. A portion of the shghtly acidified solu- 
tion may be warmed, and a few decigrams of urea and then one or 
two drops of sodium nitrite solution added. Indigo Carmine is con- 
verted into the pale yellow Isatisulphonate, while the other dyes 


‘are but little affected. ‘The Isatm compound is not ordmarily pres- 


ent in sufficient concentration to tint the solution, but it differs from 
Tartrazin also in being much less readily extracted by amyl alcohol 
from strong acid solution (less than one-half from four-normal acid). 
Amaranth is much more quickly attacked by most reducing agents 


than Tartrazin, and may be destroyed in mixtures contaming Tar- 


trazin by treating the neutral or faintly acid solution at room tem- 
perature with sodium hydrosulphite. (In the presence of sodium 
carbonate the reduction of Tartrazin takes place still more slowly.) 
The reagent should be added very carefully, either in dilute solution 
or as the powder, sufficient time being allowed after each addition for 
the reduction to take place. When the color shows that the Ama- 
ranth has been completely destroyed, the mixture should be shaken 
at once with air to oxidize the slight excess of hydrosulphite before it 
can react further on the Tartrazin. To separate the Indigo Car- 
mine another portion of the neutral or faintly acid solution may be 
heated to boiling and hydrosulphite added very carefully, a few par- 
ticles at a time, until all the dyes are reduced. On shaking with air 
the Indigo Carmine is quickly re-formed. 

The fourth-normal acid solution (or the salt solution) containing 
the Ponceau and Naphthol yellow S is treated with enough hydro- 
chloric acid to make it about twice normal, and is shaken out a few 
times with washed ethyl acetate! The yellow is removed from the 
combined ethyl acetate extracts by shaking out with water. It must 
always be remembered that Naphthol yellow S is almost colorless in 
strongly acid solutions, and its absence in washings, etc., must never 
be assumed until they have been made alkaline. The Ponceau 3 R 
is finally separated from the acid solution by shaking the solution with 
amyl alcohol, then washing out the dye from this extract with a few 
small portions of water. 

When (with mixtures containing Orange I) the washings of the 
ethyl acetate, which should contain only Naphthol yellow S, become 
redder with alkalies, they should be combined, made fourth-normal 
with hydrochloric acid, and the contaminating orange removed by 
extracting with amyl alcohol gasoline mixture (1:1). Or they may 
be treated with one-fifth their volume of concentrated hydrochloric 
acid and the dyes extracted by shakmg once with amyl alcohol. 
From this solution the yellow may be removed by washing with 
several portions of 5 per cent salt solution. 


1 Used instead of amylacetate as suggested by Loomis, U.S. Dept. Agr., Bur. Chem. Bul. No. 162, p. 57. 
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The original mixture, from which the seven colors described were 
separated — adding vod and shaking out with amyl alcohol, may still 
contain Light green S F yellowish, which will be colorless or nearly 
so in the acid solution. To separate this dye the mixture is treated 
with strong ammonia or potassium hydroxid solution until slightly 
alkaline, then neutralized with acetic acid. Any green that is pres- 
ent will now be apparent by the color of the mixture and may be 
extracted by shaking with a few small portions of dichlorhydrin. 
After washing the dichlorhydrin extract with a little water it should 
be diluted with several volumes of benzene or carbon tetrachlorid. 
The dye is then taken out with water. 

Besides the well-known reactions of acids and alkalies on the dyed 
fiber or with the solution, a few tests may be mentioned as best 
suited for the quick characterization of the different colors obtained. 
in this separation. Indigo Carmine is extracted in rather small pro- 
portions from acid aqueous solutions by dichlorhydrin, differing in 
ae respect from nearly all the other common biuedyes. The bromin 

st (p. 47) and the reactions with acids and alkalies usually are suf- 
ficient { for the identification of Tartrazin after its separation. New 
Coccin (No. 106) and Ponceau 6 R (No. 108) are the only other com- 
mon red dyes of solubility similar to that of Amaranth. Both are yel- 
lowish in shade, the former markedly so. Ponceau 3 R, when treated 
with barium chlorid and enough sodium acetate to nerricc any tree 
hydrochloric acid present, gives a bluish-red flocculent precipitate, 
the supernatant liquid being left practically colorless. Ponceau 2 R 
gives a carmine red prec cipitate; but most other red dyes of similar 
solubility do net form particularly insoluble barium salts. Naphthol 
yellow S in solutions treated with an excess of ammonia or sodium 
carbonate becomes inten isely rose coicred on addition of sodium hydro- 
sulphite, the color gradually 2 ee again as complete reduction takes 
place. Orange I is =i characterized by its solubility and behavior 
with acids and alkalies. tha is pernaps best further iden- 
tified by a test for iodin. Some of the color solution containing 2 
shieht excess of alkah is evaporated to dryness, the residue heated to 
redness, and the ash taken up with water and aciditied with sulphuric 
acid. Jodin may be tested for in the usual ways, such as with carbon 
tetrachlorid and a small drop of sodium nitrite, or with starch paste 
and an oxidizing agent. it is useless to test for iodin with very 
small amounts of dye, but in most cases sufficient colormg matter 
will be available to give satisfactory results. 


S 
£ 
C1 


TREATMENT OF SOLUTION RESERVED FOR TESTING FOR NATURAL COLORING 
SUBSTANCES. 
lf coal-tar dyes have been found, the treatment for their separa- 
tion will have given much information as to natural colors that may 
be present. Many of the natura! colors will have been separated in 
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fairly pure condition by the fractionation and the solutions obtained 
will be ready for identification tests. Obviously, no essential differ- 
ence exists between these and the so-called coal-tar colors; as a class, 
however, they show much less tendency to dye wool than do the 
common synthetic colors, and in addition are in many cases so sensi- 
tive to alkalies as to be completely destroyed in the double-dyeing 
test; i. e., by dyeing, stripping the fiber with dilute ammonia, acidi- 
fying, and dyeing again. The preliminary dyeing with wool described 
on page 8 serves fairly well in practice as a first indication of 
the course to be followed; but when for some reason the results 
obtained are not decisive, the general treatment for coal-tar colors 
with immiscible solvents should be carried out with consideration of 
solubilities of the coloring matters described in the footnotes in the 
tables of solubilities. In the dyeing test not only are certain syn- 
thetic dyes, especially Auramin, unstable under the conditions of 
treatment and likely to be destroyed; but, on the other hand, Archil, and 
to a lesser extent other natural colors, may give well-marked dyeings. 

The crude products constituting the commercial natural coloring 
matters in most cases are mixtures containing several closely related 
chemical individuals. These may have different solubilities, but 
usually they contain the same chromophore groups, and are of closely 
similar shade. In practice, the analyst will scarcely attempt a full 
separation, but having identified the coloring matter in one fraction, 
can judge as to the likelihood of the other substances present being 
derived from the same source. 

The natural colors as a class do not contain strongly acidic groups, 
and their distribution ratios between immiscible solvents do not show 
wide variations with the acidity of thé latter, at least not within 
convenient limits. The coloring matters of cochineal and turmeric 
give less trouble than the others, partly because they are less hete- 
rogeneous. 

When coal-tar dyes are absent, and it is desired to fractionate with 
immiscible solvents, it is best to begin extraction with neutral solu- 
tions; perhaps first using ether (petroleum ether is better when 
chlorophyll and the accompanying leaf colors are to be separated). 
The final extraction may be made with amyl alcohol from acid solu- 
tion, but it is of no advantage to have the acidity high, not, perhaps, 
above thirty-second normal. The anthocyans which constitute the 
coloring matters of the common red fruits and flowers are glucosids, 
and are extracted from acid solution only in very small amount by amyl 
alcohol and similar solvents. Their neutral solutions may be treated 
with excess of lead acetate solution (normal salt) when practically 
all of the glucosid will be precipitated. This mixture may be cen- 
trifuged and the precipitate washed in the centrifuge tubes with 
several portions of water until sugar and similar soluble substances 
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have beenremoved. The precipitate may then be dissolved in hydro- 
chloric acid of 10 or 15 per cent strength. After whirling again in 
the centrifuge to separate the lead chlorid thrown out of the solu- 
tion, the clear red liquid is shaken out once or twice with amyl 
alechol to remove various extractives soluble in this substance. It 
may then be boiled for a short time, by which means the glucosid 
is hydrolyzed, the derived colormg matter, or anthocyanidin, bemg 
produced. This may now be extracted and obtained in fairly pure 
solution by shaking out with amyl alcohol. The anthocyanidins, 
according to Willstaetter,1 are oxonium bases, containing also acidic 
phenolic groups. They are not very readily soluble in amyl alcohol 
though relatively more so than in aqueous liquids. 

The coloring principles of saffron and of Persian berries also consist 
chiefly of glucosids, though the lead salts of these are relatively more 
soluble. -These glucosids also are readily hydrolyzed by boiling with 
acid, but the change in case of saffron is attended with destruction of 
much coloring matter, at least when the hydrolysis is carried out in 
the ordinary manner, with free access of air. Berberine is said to be 
the only common natural basic coloring matter and it is seldom, if 
ever, found in food products. 

By extraction from neutral solutions with ether, the leaf pigments 
(identical or similar colors are also found in-egg yolk, fats and oils,* 
carrots, and tomatoes‘) are taken up. They ireioved from this 
solvent by washing with dilute alkali. 

Coloring matters of alkanet, annatto, turmeric, and of the red dye- 
woods (sandalwood, camwood, and barwood) are very readily and com- 
pletely extracted by ether from slightly acid solutions. The flavone 
coloring matters of fustic, of Persian berries (after hydrolysis), and 
of quercitron, also the coloring matter of brazilwood and the green 
derivatives formed from chlorophyll by alkali treatment, are taken up 
in very large proportion by ether from slightly acid solutions. 

The coloring matters of logwood, of archil, of saffron, and of cochi- 
neal are extracted in relatively small amount by ether from slightly 
acid solutions, but are largely taken up by amy] alcohol. 

Caramel and the anthocyans constituting the red colormg matters 
of most common fruits are extracted in relatively small proportion 
by amyl alcohol from acid solutions. Ammoniacal cochineal (car- 
mine) is similar, but the ordinary coloring matter is readily re-formed 
by standing with hydrochloric acid. 


1 Sitzb. kgl. Preuss. Acad. 12 (1914), 402-411. For further papers by Willstaetter and coworkers see 
Liebig’s Ann. 408 (1915), 1-158. 

2 Willstaetter and Escher, Zeit. Physiol. Chem. 76, (1912), 214. - 

3 See Palmer and Eckles, Mo. Sta. Research Bul., Nos. 9, 10, 11, 12. 

4 Willstaetter and Stoll, Untersuchungen ueber Chlorophyll, Berlin (1913). 
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IDENTIFICATION OF COLORING SUBSTANCES. 


COAL-TAR DYES. 


The coloring matters are usually obtained by the fractionation dis- 
solved in various aqueous or organic solvents, but free from non- 
volatile substances. Neutral solutions suitable for certain. tests are 
most easily obtained by evaporating to dryness and taking up the 
residue with water or other suitable solvent. 

It is not intended to discuss here the mnumerable tests that 
may be used for the individual dyes. There are described a limited 
number only of general procedures which are quickly and easily 
carried out, and the chemistry of which is for the most part under- 
stood. ‘These tests are sufficient for identification in ordinary cases.* 

For ready comparision of colors of similar solubility, 1t is con- 
venient to have tables of properties in which the arrangement is based 
on the solubility. The familiar reactions of reduction and of color 
changes with reagents applied to the dyed fiber are given in this 
order in Tables 2 and 3, these tests being made as follows: 

Reactions on dyed fiber.2—Small pieces or shreds of the dyed wool 
are distributed on the porcelain plate and are thoroughly moistened 
with the reagents. -The fiber must be dry or nearly so, and must have 
been dyed in a fairly pure solution of the color, since colorless organic 
impurities may easily obscure the reaction. 

Reduction and subsequent reoxrdation.2-—The neutral color solution 
is treated with a few particles of powdered sodium hydrosulphite, 
conveniently dropped in from a small spatula. If no color change is 
seen at once, the mixture is warmed somewhat and more reagent 
added, carefully avoiding excess, however. If reduction, shown by 
disappearance of the color, takes place, the solution is thoroughly 
shaken with air, and should this not bring back the dye, it is warmed 
and allowed to stand afew minutes. Finally, if remaining practically 
colorless, a little powdered potassium persulphate is dropped in. A 
slight yellowish or brownish tint produced by air or especially by the 
potassium persulphate is disregarded. 

In regard to the tests on the dyed wool, it may be said that the dye- 
ings obtained from colors in food products are necessarily variable in 
depth and usually paler than those used as a basis for standards. 
With the very small amounts of color available, it is impossible to 

1 For the identification of the simpler an dyes by reduction, separation of the reduction products and 
characterization of these by coupling with diazo compounds, by condensation with nitrosodimethylani- 
lin, and by diazotization, see especially Witt, Ber. Chem. Ges. 19 (1886), 1719, and 21 (1888), 3468. 
Properties of the various amins, aminophenols, and their sulphonic acids are summarized by Heumann 
(Friedlander, Schultz), Die Anilinfarben. Braunschweig, 1888-1906. 

2 The tables are made to correspond as nearly as possible with those of U. S. Dept. Agr., Bur. Chem. 
Cir. No. 63, 0.5 per cent dyeings and reagents of similar concentration being used. 


3 Hydrosulphite and persulphate are the reagents advocated by Green, Yoeman, and Jones, J. Soc. 
Dyers & Colorists 9 (1905), 236; also Green, Identification of Dye Stuffs, Leeds (1913). 
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make dyeings to any convenient standard depth, and descriptions can 
only indicate in a general way what may be expected. Not only will 
the appearance of the dyed wool under the influence of different 
reagents vary somewhat with the concentration of the dye present, 
but the shade of the dry fiber also may vary with the concentration of 
the dye. For example, dyemgs from some of the oranges are almost 
yellow when only a little color is present, but are a much redder shade 
when more dye is used. 

Color changes similar to those taking place on dyed fibers are pro- 
duced in most cases by the given reagents in solutions of the dyes, and 
the conditions are under much more exact control. So in some cases 
it is advantageous to compare the solution of the dye under examina- 
tion with solutions of known colors, all being brought as nearly as 
possible to the same dye concentration, and to the same acid or alkali 
normality. An exact statement of shade can be given best by spectro- 
photometric data (according to Vierort’s method) under prescribed 
conditions of temperature and concentration. This is desirable in 
some cases, as when dealing with mixtures of Ponceau 2 R and Pon- 
ceau 3 R. For the somewhat related and more rapid spectroscopic 
method of measuring the spectral position of maximum light absorp- _ 
tion in dilute solutions, the treatises of Formanek, of Formanek and 
Grandmougin, and of Mulliken may be consulted. However, the 
“spot reactions,” if not of the greatest exactness, are sufficiently exact 
for most purposes, and are especially convenient in inspection work, 
where it is well to keep a specimen of the color dyed on cloth. 


37 


FOOD-COLORING SUBSTANCES. 


‘9sUVYO OT}IVT 
\ "pol osUvIO 
‘IsUBIO 
“onyq Ysrmee1y 
‘asmeyo Op} WT 
‘esueyo ON 
‘osUvYO ON 
“poi osutIg 
“YSIPPo9l 9[Vq 
‘esUeyo e[4IT 
‘QSUBLO OTT 
“IOPPoy 

‘(194 IVp 
esueyo 9p} 


*pezIIo[ooog 


Aj, USTIS) 


*‘pozr10joo0q 


*paztI0jov0q 


"G60 ‘AITAGIS OYTOadS 
‘MOLINOS VIO y 


“USTUMOIG JING 
‘TMOG YSTMOTIO A 
“OSURIO 
"MOTIOA YSTUI911) 
“osULYO O[VIT 
‘OSUVYO OTT 
‘gsUCYO OVAL 
“UMOIE 
‘pol YSIUMOIG OV gq 
‘esULY{D 91441] 
“QSUBIPD OTL] 
“QAT[O ALOT]OA 
*‘(1oyIVp 
esueyo 9[}VT 


“peztiojooeq 


AT STS) 


*pezti0[009q 


“pozt10poooq 


“UOTINOS prxrompAY, 
UINIPOS JUvo Jod OT 


*YSTUMOIG 04 V9JOLA, 
“Pol JOTOTA 

“HMOIG YSIPPoY 
‘royrep ATWYSITS 

“pod USMY 

meys10 Ucn @) 

“OSUCIO 

“FOTOTA 

“YsIuseis TING 

‘UMOIG e[ed 10 9sUCIO 
‘UMOI O[vd 10 VsUvIC 
UMOIq B[vd 10 VsUvIO 
UMOIG dTVd IO eBsURIO 
uUMOIG e[ed 10 BsULIC 
‘UMOIC oTed 10 V8UeIO 
ANOTIO. A 


“ploe 
dLINYCUs po}e1jU99U0,) 


*S}JUVSveT YL [OOM poAp JO suorjovery 


‘royIep ATVYSIIS 
“poy 

"TMp “YSTAOoTO x 
“loyrep ATVYSITS 
“por ysIny 
"pow 

“poy 

"por Ysnt 
ysmnyq TAG 
“MOTIOA 
“MOTTO 
“MOTISA 
“MOTTOA 
“MOTTON 
“MOTOR 


*POZTIOJOOIP ATIGON 


‘poy 

“yoTIvIg 
*MOTTOA OSUTIO 
ONT 

“MOTIOA 
"MOTOR 
“MOTOR 

“poy 

“yovyq 03 Avis YSN 
‘anid YsTuseTH 
miceveg) 

‘ant Ysruse1y 
“ony YSTueeTy) 
“U9014) 


“Uu90L 


“Pot JOTOTA 


“plo o110pya 
-OIPAY po}esrjUDIUOD 


"JOOM Pekp JO 10[OD 


"4OTOLA 
“{OTOIA Pow 


‘UMOIG YSIPPIW | 66E 
“ONT JOTOTA | 669 
“POT POTOLA | 68x 
*MOTIOA YSTUMOIG | 6 
“MOTIOA USIUMOIG | Sracr 
“POTOTA | SOTxx 
-ontq deed | 209s. 
“MOTIOA | OFF 
“MOTISA | 16F 
“MOTIOA | 6EF 
“MOTIOA | 9EPx 
“MOTIPA | S&P 
“MOTIPA | PEP : 
“MOTTOA | COF+c 
“WOT}NyOS Sie 
pros orinydyns Jo ojo | | 0]09 


Aa NN Oe HH 1s © re oc oc 


a) 
A 


[‘punoj 19jJ0 Ysotm SOAP VSOY} SUI}BIIPUI SIVBIS 9017} ‘p9IIeIS 918 SPOO}J UI UOTIUTOD sok 


“SOITCIT Ul O1B SIOJOO [eInjeU ‘ei, psovjpyjog ul ee soAp pozjrMIIed Surouep srequin Ny] 


‘squabvas ypu suagy palip fo 40 810]00 hap fo Loumyag—'Z BIaV, 


BULLETIN 448, U. S. DEPARTMENT OF AGRICULTURE. 


38 


“Pot JOTOTA 

“adUvYyO ON 
*posuvyoun soupy 
‘odUVYO ON 

‘osUVYyO ON 
*POZLIO[ONOp JSsouUITy 
"pol os UBIO 
"UMOIET 

"1OPpowy 

‘osuVYO OPVWT. 
‘esd ON, 

‘odTCYO ON 

‘osueyo 914 4VT 
‘osueyO OT} 

‘od BY ON 

“aSUCYD OTVIVT 


G60 ‘A}IAGId OYtoods 
‘WOI}N[OS VIMOTIH \ 


“POL JOTOLA 

‘os UY ON 

‘pal ysrumorq [ING 
*MOTIOA STUMOTEL 
*MOTIOA USTUMOTE, 
“YSTIPPOL OTB 
‘ronqq ATYsITS 
“UMOIG YSIPPOW 
“Por 

‘pol YSIUMOIEg, 

“por YstuMorq [NG 
“ova 

‘esueyo OT} WT 
‘osUvy) OTT 

‘os UVYO ON, 
‘OSUBIPD O[MVT 


“UOI}HIOS prxorpAy 
WInIpos yueo 10d OT 


‘odmeyo OPW 
“UMoIq [Np ejed A10 A. 
“POTOLA YSTPpoy 
‘odUBYD OTT 
"Pol POTOTA 
“UMOIE, 

“JOTOTA 

*1OY IVC 

‘On q YSsTueer) 
"pod YSTUMOIE 
‘Os UBIO, 

"M9013 9ATTO 
"Ho8Id YIVC 
"M001d YaIVC 


*MOTIOA USTUMOTE, 


‘roy ep ATVYSITS 


‘proe 


ormnydyns poyerjusu0|g 


*S}UOSVOT [JIM [OOM PoAP JO SUOTIOVOYY 


‘OsUCYO OPW T 
*pozt1opooep ATIvON 
‘rontq ATW YSITS 
‘od UvYO OTT 
*LOYICd 

“1O[V 

"osUvYO OT}4T'T 
"“esULIO O[VII'T 
‘osuRyo OTL WT 
‘pol od UBIO 
‘osUeYD OPVIVT 
‘ony YSsTmeeIh 
‘UMOIQ TING 
‘ostreyO OT}IIT 
“YSEMOTIO A 
‘royrep ATYSIIS 


“ploe O110p yo 
-OIpAY po}es}U90u0D 


"por osUGI0 [INC 
“MOTIO.A 

“Poy 

*40]1B0G 

“4o[IB0g 

‘onl a 

“Pol JOTOLA 

“Pow 

“ONT 

“Pod JOTOTA 
*MOTLOA OSUCIO 
“oeyq YSN 
"Pod 

‘pow 

‘M0013 YSTMOTIOA 


*MOTIOA 


‘100M poakp JO LO[OD 


‘OsUBIO Pdr 
"MOTO OTB 
“JOTOLA 

“poe 

“Por JOTOTA 
"THMOIET 

“JOTOLA 

“poy 

"m9013 YSIN[ 
‘Per 

“MOTIOA OSUBIC, 
"yORyq YSru90d+) 
"M0eTD) 

MOOI 

"UMOIC YSIMOTIO A 


“MOTION 


“UOI| NOS 
ploe ormmydyns Jo 10,09 


IO LK 


16 
Packer 
BSL 
b09 
G09 
86Ex 
6 


"10180 
dul 
-10[OD 


‘ponutyuoj—sjuaboas yp suagif palip fo 40 s10j09 fup fo Lovanyag—'% @IAV 


‘ON 


39 


oD 
ica 
oO 
va 
< 
sal 
op) 
~Q 
=) 
on) 
oo) 
7, 
Lal 
6G 
© 
=) 
© 
2 
(2) 
oe} 
o) 
im 


“JOTOTA 
‘esUBYO OTLWT 
“POTOLA 
‘asUvyo ON 


‘asmeyd ON 


‘osuvyo e[}40'T 
esUvyo O[}IT'T 


‘esueyo OT} WT 


‘esUVY OTT 

“yoTIVIS 
"esUvy O}4'T 
‘esUeY oT}WT 
"esULyo OT1H'T 
“esULYD OT14T'T 


“JOTOLA 
‘esueyo OTT 
"poy 

“UMOIG 


"por os UBIO [NG 


*JOTOLA [ING 
"por JOpOLA TING 
‘roped ATVYSTTS 


“JOyIVd 
“yop IVOS 
“UMOIG 
‘muMOIG [TC 
"MMOIG [ING 


"esUIO TING 


"Tp ‘mmoig 
“Por OTOIA 
eny{q Yysrmeery 
*JOTOTA 


‘93UBIO 


“me0ID 


“on 
*MOTIOA YSTUMOTE, 


“JOTOLA Ye 
“JOTOLA 

* -ontd 
“4O]0LA 
“JOTOTA 
‘9sueyo 97341 


Pod 
"TMOIG 
“IOyIed 

“On 
"eS UVIO 


“ONT JOTOLA 
“Oni 


‘Ioyxiep APWYSIIS 


*osteyo Of} 4'T 
“JOTOLA 

"Por JO{OIA 
“Toy Ied 
‘osUeYO OT}4TT 


‘ 


Pod 
“Pee 
‘ond YSIPpey 
“PID 


"MOTIOA OSUBIO 


"pou 

"poy 

“poy 
*MOTIOA. 
“yorIBIg 
“TUMOIG 
"Por JOOLA 
“Por JOJOLA 
“ja Ie09 


“Pet ZOTOTA 


“Ped | 


“JOTOTA 

“pal JOTOTA 
‘enyq deeq 
“JOTOIA YSIPPOW 
“MOTIOA 
“ont 
“U90IH) 
‘On 

“pol os UIO 
“One 
“JOTOLA 
“JOTOTA 
“On 
“JOTOLA 
‘On 

“Ped 


OF Lee 
82 
L8G 
OFT 
v8 
OLT 
£91 
69Tx 
L990 
VOT 
6&T 
E0T-xx 
G9x 
V9 
69x 
9g 


hs ot 


BULLETIN 448, U. S. DEPARTMENT OF AGRICULTURE. 


‘osueyo ON ‘oduvyo ON *MO[OLA. “POI QOTOTA ‘MoTos o8UvICQ “10[0LA | 88 09 
‘asUBYO ON ‘osuRey) ON “VOTOLA “pol JOpOrA, *MOTOA OSUBIO “YOTOTA | SGx e9 
‘osUvYO OPVIT “JO[OLA YSTUAMOIE, “MOOT “4O[OLA ONT "por ‘medi8 YSINTE | LST 29 
“LOYIVC “IOYIVG “MAOIG ‘umorg | L&T 19 
‘osuvyo ON *MOTTOA OSUBIO “{OJOIA YSIPpory “ONT *MOTIO A “1OJOTA YSIPpory | 6ZE 09 
‘osuvyo ON “OsTUBYO OPVAWT ike) RucHyS| “YOTIGOG ‘o3ULIO ‘por osueig | $¢ 6S 
*IOUMOIG, *OUMOT, "per Poy O3UCIO ‘port | 16 8g 
‘edUvYy) ON, “pol osuvi0 {NG ‘Poy ‘pery ‘OsTVIOC, "POU | Wer | LS 
‘osueyD ON ‘royep APYSITS ‘OS UBIO, "pol osUvIO ‘OsTRIC) "MOTION OSTVIDQ | ETsex 9 
‘yrep “pory “yrep “pox “POTOTA “JOTOTA “OS URIO “{OTOTA | 98 gg 
‘osUvY) O[}I'T “JOTOTA YSTOMOLE “On ‘OnE “por “ONT JOPOLA | VST vs 
“OsUBLLD OPW] ‘OS ULYO OWT ‘M0013 YAIVC “UMOIG USTMOTIO A ‘os UTIO m9018 []Nq@ | 909 eg 
‘pol osuvig "pol o8 UBIO *4OTOIA YSTUMOIg *JOTOTA INCL “MOTTOA OSURIO *JOTOTA YSIPpoxy | Sze As) 
"pow *porxy “OdUVIO ‘IOMOTLOA ATVUSTTS *JYOOIA YSIPPory ‘esUvIO | 109 Tg 
‘asuivyo ON | ATYSTIS) Secu eaie “YSIUMOIG OTC "poz Lopooo(, “MOT[O A “SSOTLOTOO YSOWTYV | T 0S 
“VOTOTA, “VOJOTA “OSUBIO “MOTIOK “MOTLIA OSTBIO “OSUVIO | OFS: 6F 
96'0 ‘AjrAvI3 OYTOOdS “MOLINOS prxospAY “prow *ploe of10[yo 
“MOTJNOS VIU“OULUL VY UINIPoOs 7U0d Jod OT dliIny dns poyespuootoy -oipAy, pozeapumoou0g Tornyos "104 7CUL ; 
pi [oo pop JO 10JoD ploe oranydyns Jo 10,09 aan hs 


"SUOSVOI JIM [OOM poAP JO SOTO 


‘ponurju0gj—s)uabnos yrun suagyf palip fo 40 810209 fiup fo woranyygG—"Z UTAV A], 


4] 


= 


wn 
ca 
2) 
a 
a 
sal 
wR 
ea) 
=) 
mM 
i) 
po 
© 
= 
o 
lS) 
=) 
2) 
© 
By 


“esuvyo ON 
‘ose ON 
-9suvyo ON. 
‘asuvyo ON 
-9sueyo ON 
-osueyo ON, 
‘asUeyo 0114! 
“ese ON 
“MOTIOA O3URIO 
“MOT[OA O3TIBIO 


“osUvIO 


“ION ueeds ‘osmeyo 9p}4V'T 


‘eseYO 844 
-esURYo ON 
“pol Jo[Or A 
*asmeyo 079917 


‘osueyo ON 
‘osUey ON, 
‘osTeyo ON 
“osteo ON, 
“eseyo ON 
‘ese ON, 
“qoT1e0g 
“esueyo ON 
“980R10 Poy 
‘asae10 Poy 


“pol osuv1O 


*IONY Wee1s ‘Topper APWYSITS 


“osmeY 91440] 
"pol o8uei0 [ING 
“pot FOLOLA 
“UMOoIg [NG 


“93UvIQ 
“os0R1I0 
“osUBIO 
“asUCIO 
*MOT[OA B8UBIO 
“MOT[OA BSTIVIO 
“YSTUMOT 
“adUBIO MOTO 
“pot POTOLA 
“pot POTOLA 
“asUeIO 
“osueyo OVW 
“MOTTOA OSTBIO [ING 
“PoTOLA 

“ont 

“Pot JOTOTA 


*poezliojooep Jsom] Vy 
“USTAO][O X 
“YSIMO][O A 

“MOTIOA 
“MOT[OA OSTVIO 
*MOTJ[OA OSTIBIO 

“MOTO A 
“8SUCIO MOTTO A 

“TLMOIG 

“UMOIG 

“93UR1IO 

‘asueyo 81340 
“MOTJOA O3TIRIO 
“ped 

“ONT YSIPpoy 
“por JoTOrA 


“FO[OIA POY 
“pod OLOLA 
“Pot PO[OLA 
“pot PO[OLA 
“pol JO[OLA 
“pol o808IO 
“Pol YOTOLA 
“pew 
“MOTO A 
“MOTTO A 
*MOT[OA OBTVIO 
“MOTIOA 
“pol o3UBIO 
“Ped 
“UMOIg 


“MOTO A 


ayo cH @) 

“98010 

*93UBIO 

*MOT[OA YSIUMOIG 
*MOTTOA YSIMMOIG 
“MOT[9A YSIUMOIG 
*MOTJOA YSIUMOLG 
“MOTIOA 

“JOTOIA YSIPPoy 
“ZOJOLA YSIppe ey 
“MOT[OA 087219 
“MOTTO 

“MO{OA YSIUMOIg 
“QOTOTA 

“Ona 

“Por JOOL A 


peers s 


BULLETIN 448, U. S. DEPARTMENT OF AGRICULTURE. 


42 


‘odueyo ON «CC ITS) “MOTIOA OFUBICQR CTS) [-Mol[ok YstaMoag (“>1TT¢) 


‘OSUBIO “OS UtIC 
“JOTOLA “OTOL A 
“loppor ALWOSITS “pod od wet0 [PG 
‘osUBYO OLVWT ‘odUvIO OL} AT 
“ode ON ‘ody ON 
"G60 ‘AUtAGIS OYTOods “MOLINOS PrxoarpAy 
“TOTJN[OS VIUOMLULY CUNT pos 4109 a0 (QT 


“UMOIG YSIPpPo yy 
“LOPPOXT 

“MO[[OA YSIUMOIG OC 
“MOT[OA YSTUMOIG OC 


“MO[LOA USTUMOIG OTB 


‘Dive 
dLMYyd[ns poyesyuoow0; 


*SVUOSVOL YJIM [OOM POAP JO SUOTJoRO YY 


eter Serene enerenenee=sseteessstrserneseereenneeaureseea a 


“MOT[OA OFUBIQ, (“IITS) 
“Por 

*“LOMOTIO XK 

*pozicopooop 4souly 
“Ppozr1OfOoop YWsOM]p Vy 


*pozl1opooop 4sourlyy 


*ploe o1solyo 
-OAPAY poyeaypuoou0g 


“MOTTOA OFUBIQD (*4TIS) 
| *MOL[OA 
"OSUBLO 
“Od TUB.IC 
“MOTLOX 


"MOTTOA OSTBIC, 


‘OOM podp JO LO[OR 


‘ponurjuoy—spuabnas yprun s.uagif palip fo 40 840,09 hap fo LOLUDYIY —"% ATAV I, 


“OSTBIO YSIMOTTO.K 


“OSUBIO 

“pod od UCId 
*MOTJOA O[Ud AIO A 
“MOT[OA O[VT 


“MOT[OA O[C 


“MOTyNy{os 
ploe ofanydyns yo 10pog 


OLn 
LOM 
189 


é 


"1OVYCur 
SUL 
-10[0F) 


a 


43 


FOOD-COLORING SUBSTANCES, 


"IIIVI 

‘poy 

“pal 1]OLA [[Np o[eVg 
“odURYO ON 
“Io[e@d 

‘layed 

“one 

“pol os UBIO 
“osURYO ON 
‘osuvyp of}WT 
‘esuRYO OPIWT 
*PdZLLO[OD9(T 
“Loe 
“poztIopoood: 


“pozti0joosd 


*PozL1oOoe(T 


“poy 


“Pod JO[OIA [[NP avg 


“JO[OLA B[V 
“Loe 
“pezt1opoo0({ 
“Ma81H 

"pol os UBIO, 
‘esuByo ON 
“TMOIG [ING 
‘osUBY) [FUT 
“peztiopooe 
“P9ZIIO[OI9(f 
“pazlIO[OI9G 


“pezliojooeqd 


“TMOG [ING 
M9014) 

“YSiee1s [ING 
“royed ‘Ystteei') 
“MOTIOA 
“pozlIo[ooep YSOTLY 
“pol YSIUMOIg 
“ony YSluee.t+) 
“ORY 

“MMOIG USIPPsy 
“MOTIOA [[NP 9[e_q 
“MOTTOA [[NP STe@d 
*moTToA YSIUMOIg 
“98UV10 [[NP V[e%@d 


“98UB10 [[NP a[eq 


“MIMOIG YSIMOT]IA 
“an{q YSTuees+) 


“ONT JOTOLA 


‘PeziIO[osep SOM Y 


“MOT[OA OSTUBIO 
“pozlIO[OOIG, 
“pal ssUelO 
“ONL 

“ona 


“OsUBU) OTT 


“MOT[OA VSUBLO B[V 


“MOTTOA OSTIBIO B[V 


*MOT[OA OSURICO 


“MOTISA SSURIO B[V 


“MOTTOA OSTBIO B[IVT 


“Pod JOTOLA 
“ped 

“on 

“On, 

“pow 

*MOTIOA 

“On JOTOLA 
“pel USIUMOIg 
“MAMOIG YSIPPo ry 
“on 

“ony q YsTmeery 
“U3s015) 

“M9015 

"QO[OLA YSINTG 


“490A 


“MMOIC YSIMOT[O A 
“m901) 

“M8013 YIVqd 
“M9018 USIMOTTO X 
“9SUB1IC, 
“SS8TIO[OD 

“pol YSIUMOIG 
“ONL 

“Ong 

‘MMOIG YSIPPey 
"MOTTO A 

“MOTIO A 


‘UMOIG YSTMOT[O A 


“MOTTO A. 
“MoOTjeA VSULIO 


Tor 
oot 


BULLETIN 448, U. S. DEPARTMENT OF AGRICULTURE. 


44 


“ronyq AT YSITS 
“ION 

“rontq AyqstIS 
“sony AP qsIIS 
“TOMOTIO XK 
*IOMOT[O KX 

“IO MOT[O XK 
“IOMOT[S A 
*pozt1o[oveqd 


“poezr1opooeg 


*pozt1opoo0p soupy 


*PaZlO[OOVp 4SouITy 


“IoC 


"19[eq 


"G60 ‘Aq AeIS OgTOOds 
‘MOLJNIOS eruouluT y 


‘ronyq ATTSITS 
“onl | 

‘ronyq ATTqSITS 
“ronyq ATqSITS 
“reTINp ATPGSITS 
“soap ATTGSITS 
*IOMOTIOA 
*IOMOT[O A 
“pozlIo[oo0qd 
“pozt1ofooeq 
*Ppozi10[000(7 
“p9Zzl10[000q 
*P9zT.10[Oo0q, 


*pozlo[ooe(y 


“MOTO A 

“MOTTO. A 

‘oped ‘Moyo x 
"MOTO 

“UMOIE, 

‘por ystamoig 
“LOUMOIG 

“1OUMOIG 
*pozl1o[Ooop 4SOUITV 
*pozilo[ooep ysow,y 
“YSIMOTIOX 
“USIMOTTO A 
*pozrqojooop ATION 


*poztiojodep ATIeON 


"MOIINOS prxoipAy 
WNIpos } Wd Jed OT 


“poe 
dINydns poyesyuesa0¢) 


*s}UOSVOI YIM [OOM podp JO SUOT}OvOI 


“93210 

“osUVIO 

“9310 

“osUBIC 

“Pod 

“pol osuev1O 
“IoyIep ‘Tepper 
“IoyLep ‘Ioppsy 
*peztiopooep soupy 
*peztJojovep sow, Vy 
“YSEMOT][OX 
“YSIMOT[I A 
*poztiofoveq 
"pozt10foo0qy 


*plo® O10, yo 
-oipAy poie1yue0W0*) 


“por GSM 

“por ysiny 

“por Ysa 

“Por JOTOTA 
*MOTIOA OSTIVIO 
“MOT[OA OBULIO 
“TUMOIQ YSIPpoy 
“UMOI YSIppoy 
“W9001h) 

“me0Is YsIniq 
“JOIOTA 

“POPOL A. 

“MOTTO X 


*“MOT[OA 


“MMOIG YSIMOT[O A 
“UMOIG YSIMOTII 
“MOTIOA 

“MOT[O X 

“MOT[OA OSTR.IO 
"MoOT[OA OSTIVIC, 
“UMOIG 

“UMOIg 

“MOTTO A 

“MOTOR 

“MOTTI A 

“MOTII A 

“SSoTIO[OD 


*SSo].10[OD 


“OOM PoAP JO 10[OD 


‘ponurym09j—sjuabnas yum suagyf palip fo 40 $40]09 hap fo so1anyag—Z ATAY I, 


“MOI Nnyjos 
plo’ o1mnydyns jo 10,09 


60S 
POSH eek 
66P 
GOS 
81 
LT OLt 
T0Z 60t 
LOT 80E 
SGP ZOT 
Lohex | 9OT 
CGP SOT 
TSPatex | POT 
QGP ra) 
GCPhxxx | COT 
*107) 80 
Sut |‘ON 
-10[09 


45 


FOOD-COLORING SUBSTANCES, 


G60 ‘AqIAGI3 OYIOOdS 
‘HOLINjos eluomULy 


“OSUBY) ON 
‘asUVY 9VWT 
‘esuBy E14 
“aoyed AVYSITS 

‘osUBy) ON 
‘osULYP 91} WT 
“on[d YsIppoy 

“per YSIOla 

‘por deaqy 
“OsURBYO OVI 

‘asueyo ON 

“osueyo ON 

“asUCYD ON 

‘asuvyD ON 

“osUvyo ON 


"999 “ON JO 18) 1deoxe Sesed [|B UI PeZzLIO[OOEp ST 1OqY 9} plow IIO[WOoIpAY UT PlopYd snouue)s JO WorN]os pezes, WOM) TAT AA 


“ONT YOLOLA 
“Par JOLOLA 


“par JOTOLA 


‘Jojed pue 1auMOIg 


‘osueYp OTF 
“IOPpoy. 

“ou YSIppoy 
‘pod YsIn[ 
“pot dooq 
“MOTLVA VSUBIO 
‘asuvyo 9[V4VT 
‘asuBy 9]}40'T 
‘osueyo Of qT] 
“asUBYD 9[VIWT 


“OsURYD ON 


“MOIYNjOS prxoipAY 
MIMIpos yu Jed OT 


“pod JOJOLA, 
“Tees YSN, 
“meeI) 

ONT TING 

“pet [OLA 

“pod 

“mddt) 

“ang YsTmeeL4) 
“JOTOLA. 

“MOT[OA YSIUMOIG, 
“J9TOLA 

“JOTOLA. 

“MOTIIA SUBIC 
“MOT[VA VSUBIO 
‘MOT[OA VSUBIO 


*prloe o1rmydyjns 
peyerjyue0t0* 


| 


“pal o3UBIO 


“ONT IOLA 


“UMOIG TOYY “VOL A. 


‘rentq ABYSS 
“ped 

‘pel 9sUBIO 
‘ona 

“qa[OlA YSTNL A 
“ped JO[OTA 
“MOTTOA O8ULIC) 
“peg 

‘ped 

‘ISUBIO [JUG 
“pel YSTUMOIg 


“gsmyq, “poy 


*ploe oLLoTuooI1p AY 


poyeruem09 


‘SqMOSVET YWLA\ BIS poAp Jo suoroevoy 


‘pol SIUMOIG “pal JOTOLA, 


"pal VO[OLA. “UddIH 
"pey “Woe, 

“por USI a “JOpolA YSIN a 
“pal esUeIO “pad YO[OLA, 
“93UBIO “poy 
“poy “HOOI4) 
“UMOIG ‘“ony[q YsTuse1y 
‘OSTBIO “OTOL A, 
“MOTIOA “UMOIG YSIPPIIT 


“TLMOIG YSTAMOTIO A “JOTOLA, 


“UMOIG USEMOT[S A “qo[OlA YSIppey 


“MOT[OA BSURIO “MOT[OA OSUCIO 


a ee 


“MOT[IA BSUBIO “MOTD A 


“MOT[OA OSURIO “MOTO 


- 1 d @ U-g-ozvoueZTIG 0110-818 J 


“oud 
‘jouyydeu 


-g-OZ7BSUON[0J-0- OZVITION{O}-OF1LO, 


[OUI 


-ydeu- g-07e0m0719q 0780870 gL 


jouyydeu-g-ozeousjemydeN 2 ° 


‘joujudeu-g-ozevoMe]AX-C1 9 


‘jousydeu-g-ozeouez00 g 


dUON[O}-7-0ZVOMENIO}-OYLIO 


‘joujydeu-v-ozvouserydeN 


‘jounydeu-s1-07e0u8z 0 


‘moyeysyydoumnty 
“UU 


-e, Ay ud 8 U-g-ozvoueN]oi-0441O 


“‘uluTe [Au YUdeuU-g-0zBoIueZUe 


“SUNN[OLOZCOULULL-O4LIO ~ 


“9970 OZBOUTULY 


“‘9ueZUeq OZvOUTUIe [AT OWI, 


5999 


“WOTINOS prow 


“YTS pedp Jo 1ofop ard Ms Jo 1ojog 


“194JVUL SUIIO[OD 


O€T 
661 
Sat 
201 
921 
Got 
FOL 
&e1 


46 BULLETIN 448, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLE 3.—Behavior of colors when treated with reducing agents followed by oxidizing 
agents. 


[Numbers denoting permitted dyes are in boldfaced type; natural colors are in italics. Dyes common in 
foods are starred, three stars indicating those most often found. Statements apply in general to 0.01 per 


cent solutions. ] 


Coloring wee E : Coloring | Reduction product with air or potas- 
No. | ynatter. With sodium hydrosulphite. matter. sium persulphate. a 

1 *462 | Almost decolorized. *462 | Color restored. 

2 434 | Almost decolorized. 434 | Color partially restored. 

3 435 | Almost decolorized. 435 | Color partially restored. 

i *436 | Becomes paler very slowly. *436 

5 439 | Paler, slowly. 439 | Color restored. 

6 491 | Almost decolorized. 491 | Some color returns. 

7 440 | Decolorized. 440 | Color restored. 

8 *k602 | Pale olive. **6§02 | Color restored. 

9 **108 | Decolorized. **198 | Remains colorless or nearly so. 
10 ekg | Decolorized. #8 | Remains colorless or nearly so. 
11 9 | Decolorized. 9 | Remains colorless or nearly so. 
12 **89 | Decolorized. **89 | Remains colorless or nearly so. 
13 €92 | Decolorized. 692 | Color restored. 

14 399 | Not decoiorized. 399 

15 *&*106 | Decolorized. ***106 | Remains colorless or nearly so. 
16 107 | Decolorized. 107 | Remains colorless cr nearly so. 
17 94 | Decolorized. 94 | Remains colorless or nearly so. 
18 #398 | Decolorized. *398 | Remains colorless or nearly so. 
19 605 | Pale orange. 605 | Color restored. 

20 604 | Pale orange. 604 | Color restored. 

21 198 | Decolorized. 198 | Kemains colorless or nearly so. 
22 ***14 | Decolorized. #14 | Remains colorless or nearly so. 
23 21 | Decolorized rather slowly. 21 | Remains colorless or paie brownish. 
24 318 | Bluer; then decolorized. 318 | Remains colorless or nearly so. 
25 20 | Decolorized. 20 | Remains colorless or nearly so. 
26 93 | Decolorized. 93 | Remains colorless or nearly so. 
27 ***480 | Much paler. *kk489 | Color restored. 

28 *53 | Decolorized. *53 | Remains colorless or nearly so. 
29 *55 | Decolorized. *55 | Remains colorless or nearly so. 
30 105 | Decolorized. 105 | Remains colorless or nearly so. 
31 4 | Decolorized. 4 | Remains colorless or nearly so. 
32 **k706 | Not decolorized. PEKIOG 

33 56 | Decolorized. 56 | Remains colorless or nearly so. 
34 *62 | Decolorized. *62 | Remains colorless or nearly so. 
35 **§4 | Decolorized. **6§4 | Remains colorless or nearly so. 
36 *65 | Decolorized. *65 | Remains colorless or nearly so. 
ay **103 | Decolorized. *:103 | Remains colorless or nearly so. 
38 139 | Decolorized. 139 | Remains colorless or nearly so. 
39 164 | Decolorized. 164 | Remains colorless or nearly so. 
40 **667 | Not changed. 3667 

41 *169 | Bluer; then decolorized. *169 | Remains colorless or nearly so. 
42 163 | Decolorized. 163 | Remains coiorless or nearly so. 
43 170 | Bluer; then decolorized. 170 | Remains colorless or nearly so. 
44 84 | Decolorized. 84 | Remains colorless or nearly so. 
45 146 ; Bluer; then decolorized. 146 | Remains colorless or nearly so. 
46 287 | Slowly decolorized. 287 | Remains colorless or nearly so. 
47 78 | Slowly decolorized. 78 | Remains colorless or nearly so. 
48 710 | Decolorized, nearly. eek? 10 | Color restored. 

49 *546 | Not changed. *546 

50 1 | Decolorized. i | Not restored. 

51 507 | Not changed. 507 

52 328 | Decolorized. 328 | Remains colorless or nearly so. 
53 606 | Pale yellow. 606 | Color restored. 

54 154 | Bluer; then decolorized. 154 | Remains colorless or nearly so. 
55 85 | Decolorized. 85 | Remains colorless or nearly so. 
56 **13 | Decolorized. **13 | Remains colorless or nearly so. 
57 *86 | Decolorized. *k*86 | Remains colorless or nearly so. 
58 97 | Decolorized. 97 | Remains coloriess or nearly so. 
59 54 | Decolorized. 54 | Remains colorless or nearly so. 
60 329 | Decolorized. 329 | Remains coloriess or nearly so. 
61 139 | Decolorized. 139 | Remains colorless or nearly so. 
62 157 | Decolorized. 157 | Remains colorless or nearly so. 
63 *95 | Decolorized. *95 | Colorless or slightly yellow. 

64 88 | Decolorized. 88 | Colorless or slightly yellow. 

65 *92 | Decolorized. *92 | Remains colorless or nearly so. 
66 101 | Decolorized. 101 | Remains colorless or nearly so. 
67 102 | Decolorized. 102 | Remains colorless or nearly so. 
68 483 | Decolorized. 483 | Color restored. 

69 *510 | Much paler. *510 | Color restored. 

70 26 | Decolorized. 26 | Remains colorless or nearly so. 
71 220 | Decolorized. 220 | Remains colorless or nearly so. 
72 269 | Decolorized. 269 | Remains colorless or nearly so. 
73 512 | Much paler (with excess). 512 | Color restored. 

74 515 | Much paler (with excess). 515 | Color restored. 

won 516 | Much paler (with excess). 516 | Color restored. 
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TaBLE 3.—Behavior of colors when treated with reducing agents followed by oxidizing 
agents—Continued. 


Coloring : ‘ : Coloring | Reduction product with air or potas- 
No. | tmatier. With sodium hydrosulphite. matter. sium persulphate. 
76 517 | Much paler (with excess). 517 | Color restored. 
i 518 | Much paler (with excess). 518 | Color restored. 
78 520 | Much paler (with excess). 520 |} Color restored. 
79 521 | Much paler (with excess). 521 | Color restored. 
80 *523 | Much paler (with excess). *523 | Color restored. 
81 2 | Decolorized. 2 | Remains colorless or nearly so. 
82 *3 | Decolorized. *3 | Remains colorless or nearly so. 
83 6 | Dark; then pale. 6 | Paie reddish. 
84 534 | (Alk. sol.), red, slowly. 534 | Color restored. 
85 ***707 | Not reduced. KIO] 
86 *10 | Decolorized. *10 | Remains colorless or nearly so. 
87 *468 | Decolorized. *468 | Color restored. 
88 464 | Decolorized. 464 | Color restored. 
89 438 | Almost decolorized. 438 | Color restored. 
90 **433 | Paler. **433 | Greener. 
91 442 | Paler, slowly. 442 | Restored. 
92 476 | Not readily reduced. 476 
93 240 | Almost decolorized. 240 | Remains colorless or nearly so. 
94 277 | Browner; then colorless. 277 | Remains colorless or nearly so. 
95 562 | (Alk. sol.), yellow. 562 } Color restored. 
96 658 | No change. 658 
97 496 | Almost decolorized. 496 | Color largely restored. 
98 650 | Decolorized. 650 | Color restored. 
99 639 | Decolorized. 639 | Color restored. 
100 *584 | Decolorized. *584 | Color restored. 
101 **448 | Decolorized. **448 | Color restored. 
102 ***425 | Not decolorized. #4 D5 
103 426 | Not decolorized. 426 
104 #451 | Decolorized. *©'451 | Color restored. 
105 452 | Decolorized. 452 | Color restored. 
106 **497 | Decolorized. **427 | Color restored. 
107 428 | Decolorized. 428 | Color restored. 
108 *197 | Almost decolorized. *197 | Colorless or nearly so. 
109 *201 | Almost decolorized. *201 | Colorless or nearly so. 
110 17 | Decolorized. 17 | Remains colorless or nearly so. 
111 18 | Decolorized. 18 | Remains colorless or nearly so. 
112 505 | Not decolorized. 505 
113 499 | Not decolorized. 499 
114 4504 | Not decolorized. EKG 4 
115 502 | Not decolorized. 502 


OXIDATION WITH BROMIN. 


This test is valuable for quickly testing the color solutions obtained 
in the fractionation. The free acid need not be removed; though, as 
described in detail below, minor differences exist, depending on 
whether the solutions are practically neutral or markedly acid. 
They must not be alkaline and should be free from foreign material, 
though dissolved amyl alcohol, etc., does not interfere. With the 
oil-soluble dyes, the oxidation should be made in acetic acid of from 
50 to 80 per cent strength. 

The chief practical use of the test is for the detection of the azo 
and the azin dyes, especially when in admixture with natural coloring 
matters. It provides the simplest means for the identification of 
the “first component”’ of the azo colors, for which, of course, well- 
known reduction methods may also be applied. The test is made 
as follows: About 5 cc of the dye solution (preferably of concentra- 
tion in the neighborhood of from 0.005 to 0.01 per cent) are treated 
with bromin water (1 per cent) added drop by drop until a little 
more has been used than is required to destroy the dye. A few drops 
of 3 per cent hydrazin sulphate solution are then added and the mix- 
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ture divided into two portions. To one is first added a few drops of 
alcoholic alpha-naphthol solution, then excess of sodium carbonate; 
to the other, sodium carbonate only. With azo compounds sodium 
formate may be substituted for the hydrazin salt. 

The reactions obtained are referred to classes as follows: 

Class A—Azo dyes.—These yield on oxidation in acid or neutral 
solutions a diazo compound corresponding to the “first component”’ 
of the dye.t. The azo group remains attached to the nonhydroxy- 
lated or nonaminated residue, and it is noteworthy that with Chryso- 
pbhenin (No. 329), the one azo color described in the table contain- 


ing neither hydroxy! nor amino groups, the usual reaction is not 


obtained. With dis-azo colors of the type of cotton scarlet, C,H.N,- 
C,H,N.C,,H;,OH(SO,Na),, the azo group between the two non- 
hydroxyl-containing residues is not readily attacked, so that a diazo- 
azo compound is formed. With dyes of class A the solution becomes 
colorless, pale yellow, or pale orange on addition of bromin. After 
adding the hydrazin sulphate the solution is colorless or pale brown- 
ish or pinkish, a tendency to show a slight coloration being more 
marked, the more nearly neutral the solution. Addition of sodium 
carbonate alone produces no marked coloration, but alpha-naphthol, 
followed by the carbonate, gives a pronounced color. It is advisable 
to add some ether to the colored mixture and shake; since if the first 
component of the original dye was an unsulphonated amin (indi- 
cated by ‘‘e’’ in the table) the new coloring matter formed wili be 
taken up by ether from the alkaline mixture, giving usually an orange 
solution that on being poured off and treated with a large excess of 
concentrated hydrochloric acid becomes, in most cases, violet or 

lue. If the new dye is sulphonated (indicated by “w’’), it will not 
be extracted by the ether from the mixture. When desired, the 
alpha- naphthol derivative, after separation by a suitable solvent, 
may be dyed on wool or silk and further identified by the ordinary 
spot tests with acids and alkalies. See tables for solubilities and 
reactions of Orange I (No. 85), Fast brown N (No. 101), benzeneazo-a- 
naphthol, and a-naphthaleneazo-e-naphthol (serial numbers in tables: 
55, 66, 122, 123, seeeoL a) 


Other : conmpounds, such as a-naphthylamin, readily coupling with 


diazo compounds, may, of course, be used instead of the a-naphthol, 
sodium acetate being substituted for the sodium carbonate when an 
aminis employed. With the simple monazo colors, the reaction seems 
almost quantitative. With benzidin dyes it takes place least smoothly. 


Olass AA—Azo dyes, reacting like the preceding class in solutions — 


that contain a considerable amount of free hydrochloric acid (perhaps 
one-half normal or above).—In neutral solutions other oxidation 


1¥For action of halogens on azo compounds, see M. Schmidt, J. prakt. Chem. 84 (1912), 235. Oxidation 
by lead peroxid, Lauth, Bul. Soc. Chim. 6 (1891) III, $4; by nitric acid, O. Schmidt, Ber. Chem. Ges. 38 
(1905), 3201, 4022. See also Meldola, Proc. Chem. Soc. iO (1894), 118, and Trans. Chem. Soc. 55 (1889), 608, 
and 65 (1894), 841. 
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reactions take place, so that a more or less strong coloration is pro- 
duced on treatment with sodium carbonate without previous addi- 
tion of the naphthol. Crystal Scarlet (No. 64), Bordeaux B (No. 65), 
and Palatine Red (No. 62) give strong blue colorations; Naphthol 
Black (No. 88) and Amaranth (No. 107) a less intense blue color. 
Azorubin (No. 103) gives a purple changing to bluish red, but not 
very intense. Except for the first three dyes named, the colora- 
tions are considerably less intense than the original dyes, and the 


reaction much. less trustworthy and valuable than the smooth, 


almost quantitative, reaction in acid solutions. When treated with 
bromin in solutions containing sodium carbonate (one-fourth nor- 
mal), Nos. 62, 64, and 65 are bleached, becoming intensely blue on 
addition of hydrazin sulphate. 

Olass B.—Azin derwatives,! ete—On treatment with bromin in 
neutral or acid solutions, the color is readily bleached, but is restored 
on adding hydrazin sulphate. Sodium carbonate and _ alpha- 
naphthol plus sodium carbonate produce no change other than that 
shown by the original dye solution on treatment with alkali. A few 
dyes of Classes A and AA when oxidized in neutral solutions tend to 
show a rather marked coloration on adding the hydrazin sulphate. 
However, with the typical members of Class B, the dye may be bleached 
and restored a number of times by careful alternate addition of the two 
reagents, the bromin apparently forming a nearly colorless compound 
reconverted into the original dye on addition of the hydrazin sulphate. 

Class C.—Colors gwing precipitates at dilutions as high as 0.01 per 
cent.—This class includes most of the basic dyes. 

Class D.—Oolors showing marked changes in tint in neutral or very 


| faintly acid solution on addition of bromin.2—The colorations are 


usually produced by a mere trace of the halogen and destroyed by 
excess, and the reactions are consequently not very dependable or 
valuable. With many of the dyes of this type containing alkylated 
amino groups the color change would seem to be due to elimination 


of alkyl radicals. In general with dyes of this group the coloring 


matter, while readily altered, is completely broken down by bromin 
only with difficulty. On addition of hydrazin sulphate no change 
takes place other than that due to removal of the excess of the col- 
ored halogen.* The coloration with alpha-naphthol and sodium 


carbonate is identical with that produced by sodium carbonate 


alone. With most of the yellow coloring matters of this group it is 


1 Quinophthalon by treatment with bromin first forms the unstable colorless addition product con- 


= taining two atoms of bromin in the molecule (Eibner and Lange, Liebig’s Annalen der Chemie, 315 
rm (1901), 315). For action on azin dyes compare Vaubel, J. prakt. Chem., 54 (1896), 289. 


2 According to Heumann, Die Anilinfarben, vol. 1, p. 41, Malachite Green solution, on oxidation with 


lead peroxid and acetic acid, becomes violet, and then contains the salt of diaminotriphenylcarbinol. 


_ Compare further Vaubel, J. prakt. Chem., 50 (1894), 347. 


§ Chlorin water may be used if preferred. 
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brownish. With most of the others it is ill-defined and is probably 
often produced by a small fraction of the dye that has escaped 
destruction by bromin. In acid solution these dyes are merely 
destroyed by bromin in most cases, the results being as given for E. 

Class E.—Dyes in this class are similar to those in Class D, but 
show no color changes other than bleaching, on addition of bromin. 

Class #.—Halogenated fluorescein deriwatives and similar com- 
pounds.—These dyes are very resistant to bromin. The nonfluo- 
rescent iodin compounds tend to become yellower in shade and to 
develop a green fluorescence, probably due to partial substitution of 
iodin by bromin. 


TABLE 4.—The bromin test: Classification of colors according to reactions obtained. 


{Numbers denoting permitted dyes are in boldfaced type; natural colors are in italics. Dyes common in 
foods are starred, three stars indicating those most often found. Statements apply in general to 0.01 per 
cent solutions. | 


Color- | Color- Color- | Color- 
No.; ing Class. || No.| ing Class. No.| ing Class. No.| ing Class. 
matter. \| matter. matter. matter. 
at) decbe egtae "ies ne | 
1 *462 | D or E || 33 56 | A (9). 65 *92 | A (w). 87 *468 | E, 
2 434 | D. | 34 *62 | AA (e). 66 101 | A or AA 88 464 | E. 
3 435 | D. | 30 764 | AA (e). (Ww). 89 438 | D. 
4| 436 | D. | 36 *65 | AA(e). || 67 102 | A (w). 90 | **433 | D. 
5 | 439 | E. | 3¢} **103; A or AA || 68 483 | E. 91 442 | BK. 
6 491 | DorE i! (w). 69 *510 3 92 476 | E. 
7 440 | BR. | 38 139 | A or AA 70 26 | A (e). 93 240 | A.® 
8 | *602 | EK (B).} | (w). 71 | 220 | A.l 94 277 | A. 
9} **108 | A (w). | 39 164 | A (Ww). 72 269 | A.l 95 562 | B. 
10 ***3) A (Ww). | 40) **667 ‘ ard 612 | E. 96 658 | E. 
11 9! A (Cw). | gall *169 | A (Ww) 74 515 | KE. | Oe 496 | DorC. 
12 **89 | A (WwW). | 42 163 | A (w) 73 516] E. | 98 650 | E or C. 
13 692 | EK. | 43 170 | A (w) 76 517 | KH. 99 639 | E or D. 
14 399 | A (Ww). | 44 84 | A (w) 77 OL Sn ees 100 *584 | Bor C. 
15 | ***106 | A (Ww). | 45 | 146 | A (e) 7 520 | E. 101 **448 | EK or D. 
16 107 ; AA or A jj 46 287 | A. | 79 521 | E. 102 | ***425 | E or C. 
He (On) ieee 78 | A.? 80 *523 | E. 103 | 426 | E or C, 
7h 94 | A (w) i) 48 | R710 | EB. 81 | | 1D, 104 | #451 | E or C. 
18 *398 | E. i] 49 *546 | Bil 82 | op) {| 1B. | 105 | 452 | EorC. 
19 605 | B. i; 90 | 1 | BH. 83 6] E. | 106 | **427} DorC. 
20 604 | B. Heals) XO Ne 1D) 84 534 | B. | 107 428 | D or C. 
21 188 | AA (w) 52 | 328 | A (w) 85 | 8707 | BH. OSs 19 fel SAN ore: 
22) ***14 | A (e) 53 | 606 | B. 86 *10 | A (e).4 109; *201 | A or C. 
23 21 | A (e) 54 | 154 | A (e). | 110 | 17 | A ee 
24 318 | Al 55 | 85 | A (w) | 111 | 18 | A orC (@). 
25 20 | A (e). | 56+ **13 | A (e). 112 | 505 | D or C. 
26 | 93 | Aor AA || 57| **86 | A (w) 113; 499] DorC. 
| (w) |; 98 97 | A (Ww) 114 | ***504 | D or C. 
27 | #8480 D. | 59 | 54 | A (e). 115 502 | DorC. 
28 | *53 | A (e) i, 60 329 | B. | (*) 
29| *55 | A (e). |} 6L| 139] A (w). 
30 | 105 | A (w). || 62} 157 | A (e). 
31 | 4|&E. | 63 *95 | A (w). 
32 | #706 | E. | 64 88 | A (w). 
j I 


L ie encuy 

2 Some alcohol should be added before the alpha-naphthol. 

3 Gives eosin. aah 

4 Of the oil-soluble dyes given in the other tabies all pelone to type A except Quinophthalon, which in 
60 per cent acetic acid shows reaction indicated under B 

5 Very imperfectly. 


REACTIONS WITH NITROUS ACID. 

By treatment with nitrous acid in dilute solution most of the com- 
mon coal-tar dyes used in food coloring are not readily affected. A 
considerable number, however, show marked changes, because of di-- 
azotization of free amino groups, of formation of nitroso compounds, 
or of direct oxidation. 
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Where diazo compounds are formed, they may be further coupled 
by the usual method of adding the mixture to an alkaline solution 
of one of the naphthols, or of anaphthol sulphonic acid. B.C. Hesse 
has pointed out that the two acid yellows (No. 8 and No. 9) can be 
distinguished by the use of alpha-naphthol—No. 9 giving in alkaline 
solution a red compound; No. 8 one which is intensely blue. 

In the test described below the mixture is treated first with nitrous 
acid, then with hydrazin sulphate. The hydrazin sulphate serves to 
destroy the excess of nitrous acid, so that the naphthol solution (or 
an amin if preferred) may be added directly, and the coupling then 
brought about by addition of alkali. The new dye formed may also 
be separated readily, if desired, by acidifying and shaking out with a 
suitable solvent. In the case of only one dye in the table, Safranin 
(No. 584), does the diazo compound appear to be reduced or changed 
by addition of hydrazin sulphate. 

The nitroso compounds formed from Nos. 95 and 88, are decom- 
posed by the hydrazin salt, the original color of the acid solution 
being restored. 

The test is carried out as follows: The solution of the color at 
ordinary temperature is made slightly acid by the addition of two or 
three drops of concentrated hydrochloric acid and one or two drops 
of 7 per cent sodium nitrite solution are added. With blue or green 
dyes, where oxidation changes may take place, the mixture may be 
allowed to stand a few minutes at this stage; but with other colors 
about 1 cc, or an excess, of 3 per cent hydrazin sulphate solution 
is added at once. The mixture is allowed to stand one-half or one 
minute to permit complete destruction of the excess of nitrous acid; 
then it is divided and a few drops of alpha-naphthol solution are 
added to one portion. Both portions are then made strongly alka- 
line with sodium carbonate, the one not containing alpha-naphthol 
serving as a check to show if any coupling has taken place. 


TaBLE 5.—Behavior of colors when treated with sodium nitrite. 


(° Indicates that no color changes take place other than those produced by the acid or alkali.} 


462.—With sodium nitrite, blue; then colorless; after making alkaline in the pres- 
ence of alpha-naphthol, orange. 

434°, 435°, 486°.—Attacked very slowly by nitrous acid. 

439.—Becomes yellow with sodium nitrite. 

491.—Becomes violet with sodium nitrite (rather slowly). 

440°, 602°, 108°. 

8.—With sodium nitrite, much paler; after adding alpha-naphthol and evxcess of 
sodium carbonate, intensely blue. 

9.—With sodium nitrite, much paler; after adding alpha-naphthol and excess of 
sodium carbonate, red. 

89.—Red solution becomes yellow with sodium nitrite; on addition of hydrazin 
sulphate, red again.. 

692.—With sodium nitrite, slowly oxidized to the yellow isatin derivative. 

399°, 106°, 107°, 94°. 

398.—With sodium nitrite, brown. 

605°, 604°, 188°, 14°. 


52 BULLETIN 448, U. S. DEPARTMENT OF AGRICULTURE. 


21.—With sodium nitrite, slightly darker; with alpha-naphthol and sodium carbon- 
ate, dull greenish black. 

318.—With sodium nitrite, paler and redder. 

20°, 93° (480°.—Slowly attacked by nitrous acid); 53°, 55°, 105°, 4°, 706°, 56°, 62°, 
64°, 65° 5 10395: 39°; 1642667 >, 169°163- 1 70". 

84.—With sodium nitrite, redder. 

146% 287° 78°, 7102; 546°, dba: 

507.—With sodium nitrite, bluer. 

328°, 606°, 154°. 

85.—With sodium nitrite, paler. 

Sheet. 13° 970 e202. ooo, tbr: 

95 Crimson solution becomes yellow with sodium nitrite; on addition of hydrazin 
sulphate, red again. 

88.—Crimson_ solution becomes yellow with sodium nitrite; on addition of hydrazin 
sulphate, red again. 

92°. 

101.—Paler with sodium nitrite. 

102°, 483°, 510°, 26°. 

220, 229 Slightly paler with sodium nitrite. 

HID loc w tO solvc, SIS". b20° co 2 O23 ke oo Oa 534°, 707°, 10°, 468°, 464°, 
438°, 433°, 442°, 476°, 240°, 277° (562°, scarcely attacked; in 50 per cent acetic acid, 
behaves with nitrous acid as with bromin in the bromin test); 658°, 496°, 650°, 639°. 

584.—With sodium nitrite, blue; rather rapidly becomes red again on addition of 
hydrazin sulphate. 

448.—Wine-red on diazotization, addition of hydrazin sulphate, alpha-naphthol 
and sodium carbonate; with sodium nitrite in acetic acid solution, first blue, then 
colorless. 

425°, 426°, 451°, 452°. 

427.—Reddish with sodium nitrite. 

tS Fos 20te: 

17.—With sodium nitrite, paler; aiter addition of sodium carbonate, naphthol, eic., 
somewhat redder. 

18.—With sodium nitrite, paler; after addition of sodium carbonate, naphthol, eic., 
somewhat redder. 

505°, 499°, 504°, 502°.—May appear bluer when the alcoholic alpha-naphthol 
solution is added. 

16°.—Slowly destroyed by nitrous acid. 

7.—Paler with sodium nitrite; after addition of other reagents, red. 

Aminoazotoluene.—As stated above for 7. 

Benzeneazo-6-naphthylamin, Ortho-tolueneazo-§-naphthylamin.—These com- 


pounds are almost insoluble in aqueous liquids. As ortho-aminoazo derivatives, they 


are not readily diazotized or coupled. 


REACTIONS WITH POTASSIUM CYANID. 


With the common monazo dyes, the bromin oxidation will pro- 
vide for an identification of the ‘‘first component’’ of the color, i. e., 
the radical not containing the hydroxyl or amino groups. The other 
radical, usually containing hydroxyl or amino groups ortho to the 
azo junction, is identified with much more difficulty in most cases. 
Since the two ortho-azo dyes permitted in foods are both derived 
from 2-naphthol-3-6-disulphonic acid as second component, the reac- 
tion discovered by Lange! that derivatives of this acid are attacked 
on boiling with potassium cyanid and the 3-sulphonic acid group 
replaced by cyanogen, is useful for distinguishing and separating 
isomeric dyes. 

The test may be made as follows: About 10 cc of the neutral color 
solution is treated with 1 cc of 20 per cent potassium cyanid solution 


1 Deutsches Reichs Patent No. 189,035. 
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and 1 ce of 20 per cent ammonium chlorid solution, and is heated in 


a test tube in a boiling water bath for from five to eight minutes. It 
is then quickly cooled. The reactions obtained with certain dyes are 
shown in the table. The test requires some care, and blanks with 
known dyes should be carried through at the same time in all cases. 
_ The results with a number of common azo dyes are shown in 
Table 6, the derivatives of 2-naphthol-3-6-disulphonic acid forming 
new dyes of markedly different sclubilities, corresponding to the fact 
that they contain one less sulphonic acid group. By warming with 
the cyanid sclution for a considerable period of time further reac- 
tions easily take place, derivatives of 2-naphthol-3-6-disulphonic 
acid and 2-naphthol-6-8-disulphonic acid being especially unstable. 

The common nitro dyes are changed by warming with cyanid 
solution, becoming brownish or reddish (compare formation of iso- 
purpuric acid from trinitrophenol). 


TABLE 6.—Behavior of colors with cyanid solution. 


Dye. “Second component”’ of dye. Behavior with cyanid solution. 


108 | Naphthol trisulphonie acid | Warmed 8 minutes, dye almost completely destroyed with 

(2-3-6-8). production of orange and yellow substances. Warmed 
until dark red (1-2 minutes), strongly acidified, and washed 
with 2 N HCl, practically no color is removed (3-4 wash- 
ings); then washed with N/4 HCl, a bluishred dye is readily 
removed. 

A Zor ubia Apparently unchanged by cyanid. 


106 | Naphthol disulphonic acid | Dye is not changed in solubility, although on long warming 
(2-6-8). much color is destroyed. The cyanid mixture may be 
acidified with 5 ec concentrated hydrochloric acid, and 
shaken out with 10 cc of amyl alcohol. On separating the 
alcohol, and washing 4 or 5 times with fourth-normal hydro- 
chloric acid, nearly all of the dye will be taken out by the 
dilute acid. 
107 | Naphthol disulphonic acid | Dye is changed into a cyan-derivative similar in solubility to 
(2-3-6). other disulphonated monazo dyes. The cyanid mixture 
is pale brown and when treated as stated under New 
Coccin (106), almost ail coloring matter remains in the 
amyialcohol. On long heating of the cyanid mixture the 
cyan-derivative may be completely destroyed, further re- 
: ; acticns taking place, 
14 | Naphthol disulphonic acid | Dye unchanged. Cyanid mixture, when acidified with 1 ec 
(2-6-8). glacial acetic acid and shaken with 5 to 10 ce amyl alcohol, 
. ; gives up little coloring matter to the latter. 
15 | Naphthol disulphonic acid | Dye changed into a cyan-derivative similar in solubility to 
(2-3-6). the other monosulphonated monazo dyes. The cyanid 
mixture is pale brownish, and when treated as described 
under Orange G (14) gives up most of its coloring matter 
to the alcohol. 
20| Dioxynaphthalone| Asstated for 14. 
disulphonic acid (1-8-3-6). 
21 | Aminonaphthol disulphonic | As stated for 14. 
acid (1-8-3-6). 
52 | Naphthol disulphonic acid } As stated for 14. 


53 Noche disulphonie acid | As stated for 14. 
Bo Son aal disulphonice acid | As stated for 15. 
56 | Naphthol disulphonic acid | As stated for 15. 
62 nipnatol disulphonie acid | As stated for 14. 
64. nGpnthal disulphonice acid | As stated for 14. 

Segue. disulphonic acid | As stated for 15. 


A 
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Relatively few good tests are known for the common natural 
colors. For properties useful in analysis, see especially the tables 
given in United States Department of Agriculture, Bureau of Chem- 
istry Circular No. 63. Some of the common properties considered 
most useful for the characterization of different colors are summarized 
below. 

By addition of concentrated hydrochloric acid, the yellow ether 
or alcohol solutions of carotin and xanthophyll show little change, 
becoming perhaps slightly paler; green chlorophyll sotutions become 
yellower or browner; annatto im ether or aleohol solution remains 
orange, not changing perceptibly with acid. Turmeric solutions in 
ether or alcohol show a pure yellow color with more or less green 
fluorescence, and on addition of several volumes of concentrated hy- 
drochloric acid the color passes to orange red or carmine red. The 
orange or orange yellow solutions of logwood, also of the redwoods, 
barwood, sandalwood, camwood, and brazilwood, become deep red 
with excess of hydrochloric acid. The slightly colored neutral or 
faintly acid aqueous solutions of the flavone colors of fustic, Persian 
berries, quercitron, etc., become intensely yellow with from 2 to 4 
volumes of concentrated avid. Neutral or slightly acid solutions of 
cochineal, archil, saffron, and caramel show little change. 

The slightly acid solutions of the various coloring matters show the 
behavior described below, when treated with a little sodium hydro- 
oxid solution: Carotin and xanthophyll, little change; chlorophyll, 
“brown phase”’ reaction; alkanet, deep blue; turmeric, orange brown; 
the redwoods, violet red; logwood, violet to violet blue. The flavone 
colors become bright yellow; saffron remains yellow, showing little 
change. The red solutions of archil and the orange of cochineal 
become blue and violet, respectively. Caramel shows little change, 
becoming slightly deeper brown. The red fruit colors (in presence of 
air) become dull blue, green, or brown. 

By sodium hydrosulphite in acid solution, the yellow coloring 
matters are littie affected. Logwood is almost decolorized, the color 
returning imperfectly. Archil is decolorized, the color returning when 
shaken with air. The reaction is more easily seen in alkaline solution. 
Cochineal shows no marked change. The anthocyanidins derived by 
hydrolysis from the red fruit colors are almost decolorized by hydro- 
sulphite. Caramel is rendered slightly paler. 

In the bromin test all coloring matters, except alkanet, are merely 
destroyed more or less completely by the halogen, hence they belong 
in general to Class KE. The flavone colors tend to become darker with 
the first addition of bromin. Alkanet (best in alcoholic solution) 
corresponds to Class B. 
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Ferric chlorid gives no marked change with annatto, turmeric, 
or saffron, these perhaps, appearing somewhat browner. With the 
flavone colors, colorations varying from dark olive green to black 
are produced. With the redwoods and logwood, very dark shades of 
violet, brown, or black are obtained. Cochineal becomes somewhat 
darker. Caramel is not affected. The solutions must be practically 
neutral. 

By addition of alum solution the yellow color of logwood is changed 
to rose red (rather slowly). The redwoods are affected similarly. 
The pale yellow solutions of the flavones become more strongly 
yellow, that of fustic developing a green fluorescence. Saffron and 
turmeric show little change. 

Uranium acetate in neutral or nearly neutral solutions gives 
orange colorations with the flavones. Turmeric becomes somewhat 
browner; saffron is not affected; cochineal becomes green; alkanet, 
yellowish green to bluish green; logwood, violet, quickly fading. 

The coloration with concentrated sulphuric acid dropped on the 
dry coloring matter is for carotin and xanthophyll, blue, usually 
obtained with difficulty. Annatto and saffron also give blue colors; 
turmeric, a red; the flavone colors, yellow or orange colorations; 
alkanet and archil give violet blue; logwood, red, changing to yellow. 

The “brown phase’”’ reaction! may be useful for the characteriza- 
tion of chlorophyll, when this has not been previously treated with 
alkalies. The green ether or petroleum ether solution of the coloring 
matter, when treated with a little methyl alcohol solution of potas- 
sium hydroxid, becomes brown, returning to green in a few moments. 

The characteristic reaction of curcumin (turmeric) with boric 
acid may be conveniently carried out as follows: The aqueous or 
dilute alcoholic solution of the color is treated with hydrochloric acid 
until the shade just begins to appear slightly orange. The mixture 
is then divided into two parts and some boric acid powder or crystals 
added to onepart. A marked reddening quickly will be apparent, best 
seen by comparison with the portion to which the boric acid has not 
been added.? 


i Molisch, Ber. bot. Ges. 14 (1896), 16. Willstaetter and Stoll, Untersuchungen ueber Chlorophyll. 
Berlin, 1913, p. 144. 

2 The properties of pure preparations of the various natural coloring matters, as described by the nu- 
merous investigators who have isolated and studied them, are described for the most part in H. Rupe’s 
Chemie der Natiirlichen Farbstoffe, Braunschweig, 1900 and 1909. Properties of the chlorophylls and 
cartinoids are given by Willstaetter and Stoll, Untersuchungen ucber Chlorophyll, Berlin, 1913; those of the 
coloring matters of the cornflower, rose, pelargona flower, larkspur, cranberry, whortleberry, and purple 
grape, are described by Willstaetter and coworkers, Sitzb. kgl. Pruess, Akad. 12 (1914), 402, Liebigs 
Ann. d. Chem. 408 (1915) 1. 
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TABLE 7.—Numbers by which dyes are designated in different published tables. 


(Under “G.’’ numbers refer to A Systematic Survey ofthe Organic Coloring Matiers, by A. G. Green,founded _ 
on the German of Drs. G. Schultz and P. Julius, London and New York, 1904; under “S.”? to Farb- 
stofftabellen, by Dr. Gustav Schultz, Berlin, 1911-1914, under “‘M.’’ to Mulliken’s A. Method fer the — 
Identification of Pure Organic Compounds, vol. 3, New York, 1910. One of the common names is also — 
given.] 


i 
No | Color. Gls | M. || No | Color. G. | Ss M 
i 
ae Se a Se ee iL a eee ae fe ee -— = : 
1 | Acid Magenta. 462 | 524 245 || 64 | Orange IV. 88} 139} 920 
2| Light Green $ F Bluish.| 434] 504 | 65 | Azofiavin, _ 92] 140} 910 
3 | Light Green S F Yellow- | 4385 | 505 257 || 66 | Fast Brown N. 101 | 160 S49 
ish. 67 | Fast Red A. 102} i161 111 
4 | Erioglaucin A. 436 | 506 287 || 68 | Rosolie Acid. 483 | 555 249 
5 | Cyanol Extra. 439 | 546 285 || 69 | Uranin. 510 | 585 | 1,141 © 
6 | Wool Green S. 491 | 566 279 70 | Metachrome Orange R. 26 58 893 
7 | Patent Blue. 440 | 543 277 | 7i | Chrysamin G. 220 | 342 | 1,061 
8 | Nigrosin Soluble. 602 | 700 122 72 | Chrysamin R,. . 269 | 394 | 1,060 
9 | Ponceaué R. 108 | 170 846 | 73 | Eosin. 512 | 587 | 1,129 
10 | Acid Yellow G. Sa] 30 918 || 74 | Saifrosin. 515 | 590 | 1,114 
li | Fast Yellow R. 9 | 149 | 75 | Erytircsin G. 516 | S91 
12 | Brilliant Yellow S. 89 |} 142 | 76 | Erythrosin B. : 517 | 592 | 1,113 
13 | indigo Carmine. 692 | 877 94 || 77 | Poloxin. 518 | 593 | 1,107 
14 | Sun Yellow. 389 9 166 || 78 ; Rose Bengale. 520 | 595 | 1,109 
15 | New Ccccin. 106 | 169 $26 |, 79 | Eosin 10 B. 521} 596 | 1,112 — 
16 | Amaranth. 107 | 168 81i || 80 | Rose Bengale 3 B. 523 | 597 j 1,103 
17 | Tartrazin. 94 23 948 || 81} Victoria Yellow. 2 : 
18 | Naphtho! Green B. 398 + 951 || 82 | Martius Yellow. 3 6 945 
19 | Azocarmine B. 605 | 673 75 || 83 | Aurantia. 6 397 
20 | Azocarmine G. 604 72 7i || 84} Alizarin. 534 |} 778 905 
21 | Naphthol Black B. 188 | 272 984 || 85 | Curcumin. 707 | 927 535 
22 | Orange G. 14} 38 86 | Sudan G. 10 | -35 536 
23 | Fast Acid Fuchsin B. 21 4] || 87 | Formyl Violet S 4B. 468 | 530 307 
24 | Chicago Blue 6 B. 318 | 424) 575 ! 88 ; Acid Violet N. 464} 527} 309 © 
25 | Chromoitrope 2 KR. - 20 | 40 | | 89 | Night Green 2 B. 488 | 503 265 — 
26 | Azofuchsin G. 93 | 146 757 || 90 | Guinea Green B. 433 | 502 259 
27 | Solubie Blue. 480 | 539 212 || 91 | Patent Blue A. 442 | 545 2784 
28 | Palatine Scarlet. 53 81 92 | Methyl Alkali Blue. 476} 535 i 
29 | Ponceau 2 R. 55 82 834 || 93 | Congo Red. - 240 | 307 412 — 
30 | Fast Red #. TOS | 166 94 | Benzopurpurin 4 B, 277 | +363 | 1,020 3 
31 | Naphthol Yellow S. S 7 946 || 95 | Alizarm Blue. 562; 803 | 1,168 © 
32 | Cochineal. 706 | 932 774 || 96 | Thioflavin T. 658 | 618 | 1,084 | 
33 | Ponceau 3 R. 56 83 833 || 97 | Rhodamin S. 496 | 570 13 
34 | Paiatine Red. 62 | 109 ; 98 | Methylene Blue. 650 | 659 23 = 
35 | Crystal Ponceau. 64 | 113} | 99 | New Blue. 639 | 649 34 
36 | Bordeaux B. 65 Pei er a7 100 | Safranin. 584} 679 | 85 
7 | Azorubin. 103 | 163 783 || 101 | Fuchsin. 448 | 512 i39 
38 | Fast Brown. 139 | 213 || 102 | Auramin O 425 | 493 | 1,085 — 
39 | Crocein Scarlet O extra. | 164 | 251 | 103 | Auramin G. 426 | 494 3 
40 | Quinolin Yellow water- | 667 | 613 | 104 | Methy! Violet. 451} 515 232 = 
| soluble. | 105 | Crystel Violet. 452 | 516 229 
43 | Crocein Scarlet 8 B. 169 | 255 802 | 106 | Malachite Green. 427 | 495 1773 
42 | Biebrich Scarlet. 163 | 247| 800 || 107 | Malachite Green G. 428} 499 | 170 
43 | Bordeaux G. 170 | 254 | 1,133 || 108 | Bismarck Brown. 197 | 283 454 — 
44 | Resorcin Yellow. 84 | 143] 830 || 109 | Bismarck Brown R. .| 201 | 284 | 1,030 4 
45 | Brilliant Crocein M. 46 | 287 110 | Chrysoidin. 17 33 509 
46 | Azo Blue. 287 | 377} 689 || 111 | Chrysoidin R. 18} 34) 3 
47 | Erika B. 73 | 121 | || 112 | Rhodamin 3 B. 505 | 574 | 1,002 | 
48 | Azolitmin. 710 | 934 || 113 | Irisamin G. 499 | 576 | 1,012 — 
49 | Alizarin Red S. 546 | 780 | 1,111 || 114 | Rhodamin B. 504 | 573 | 1,001 © 
50 | Picric Acid. 1 5 947 |} 115 | Rhodamin G. 502 | 572 | 1,101 
51 | Violamin R. 507 | 582 |-1,101 || 116 | Butter Yellow. 16 | 32 
52 | Brilliant Yeilow. 328 | 303 | 117 | Anilin Yellow. va SE 932 — 
3 | Rosindulin 2 G. 606 | 674 7. } 118 | Yellow Fat Color. 68 : 
54 | Cloth Red B. 154 | 236 371 || 121 | Quinolin Yellow spirit | 666 | 612 
55 | Orange I. 85 | 144 71 || soluble. 
56 | Crocein Orange. 13 37 877 || 1 Sudan Brown. 59} 105 j 
57 | Orange 2. 86} 145] 872 || 125 | SudanT. 11] 36), S8387@ 
58 | Orange R. 97 | Idl || 196 | Sudan I. 49| 76 | 1,026 
59 | Scarlet G R. 54 || 127 | Carminaph Garnet. 60 | 106 a 
60 | Chrysophenin. 329 | 304 524 | 128 | Sudan If. 143 | 223 s 
61 | Resorcin Brown. rBYE} S218! 451 || 129 Sudan IV. 232 839 
62 | Bordeaux B X 157 | 237 | 1,132 || 130 | Para Red. 31 56 = 
63 | Metanil Yellow. 95| 134] 901 ]) | 
t il 


